10/009846 
R||/1L 0 0 / 0 0 3 3 8 
W 0 1 AUG 2000 






UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

July 10, 2000 



TfflS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 09/542,768 
FILING DATE: Apra04,2000 

PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(3) OR (b) 




By Authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 



L. EDELEN 
Certifying Officer 




I ^ 
I'm 



PATENT 

. Docket No. 4026-4001 

E3q>icss Mail Label No. EJ 604 724 451 US 

IN THE UNHBD STATES PATENT AN D TRADEMARK OFFICE 

UTILITY APPLICATION AND APPLICATION FEE TRANSMITTAL fl.53rb^^ 

ASSISTANT COMMISSIONER FOR PATENTS ? 
Box Patent Ai^lication ^ 
Washington, D.C. 20231 ^r— 

Sin 

Transmitted herewitib for filing is fhc patent application of 
m Named Inventor(5) and 

1^ Address(es): Ilan Ben-Oren, Ephraim Carlebach, Julian Daich, Yohoshua Coleman, Gershon 

1^1 Levitsky, Boaz Givron and Daniel Katzman residing at 14/80 Kadish Luz Street, 

Sj Jerusalem, Israel; 33 Har Sinai Street, Raanana Israel; 15 Hamitzpeh Street, Jerusalem, 

^ Israel; 7/3 Pctel Street, Jerusalem, Israel; 7/12 Meir Yosha Street, Jerusal^ Israel; 7 

^ Hameyasdim Street, Jcnisalem, Israel; and 19 Dean Road Brookline, Massachusetts 

2 02446, respectively. ' 



For: BREATH TEST APPARATUS AND METHODS 



Enclosed are: 

\X\ Ii21page(s) of spedfication, Lpage(s) of Abstract, 31 page(s) of claims 

pC| 26 s heets of drawing [x] formal [ ]infonnal 

[] page($) of Declaration and Power of Attorney 

[ ] Unsigned 

[ ] Newly Executed 

[ ] Copy from prior application 

[ ] Deletion of inventors including Signed Statement under 37 CJBJ3L § 1.63(d)(2) 

[ ] Incorporation by Reference: Theenture disclosure of the prior appfication.fixm'ndiic^ 

combined declaration and power of attorney is supplied herein, is considered as being part of die disclosure 
of die acconqsanying application and is incorporated herem by reference. 

[ ] Microfidie Counter Program (Appendix) 

( ] page(s) of Sequence Listing 



533531.1 



:etNo.4Q2&400i 



[ ] computer readable disk containing Sequence Listing 

[ ] Statement under 37 C § 1.821(1) that computer and paper copies of the Sequence Listing are 
tiiesame 



a 

m 
m 

SJ 

Si 

m 



4. 

Q 

4 

Q 

m 



[ 1 



[ ] Claim for Priority 

[ ] Ccrtifiedcopy of Priority Document(s) 

[ ] English translation documents 
[ ] Infomation Disclosure Statement 

[ ] Copy of cited references 

[ ] Copy ofPTO-1449 filed in parent application serial No. 

[ ] Preliminary Amendment 

[X] Return receipt postcard (MPEP 503) 

[ ] Assigmnent Papers (assiginnent cover sheet and assignment documents) 
[ ] A check in the amount of S40.00 for recording the Assignment 

[ ] Assignment papers filed in parent ^plication Sraal No. 

[ ] Certification ofchainoftitie pursuant to 37 C.F.R. § 3.73(b). 



[ ] This is a [ ] continuation [ ] divisional [ ] continuation-in-part (C-I-P) of prior appHcation serial no: 



[ ] Cancel in ttiis application original claims , 



of die parent application before 



t ] 



calculating the filing fee. (At least one original mdependent claim must be retamed for filmg 
purposes.) 

A preliminary Amendment is enclosed. (Claims added by this Amendment have been prop«ly 
numbered consecutively beginning witii tiie number foUowing the highest numbered original 
claim in tiie prior application. 



The status of the parent sqiplication is as follows: 
I 1 



A Petition For Extension of Time and a Fee therefor has been or is being filed in the parent 
application to extend the term for action m flie parent ^plication untfl — ^ 

[ ] A copy of die Petition for Extension of Time in flic co-pending parent appHcation is attached. 
[ ] No Petition For Extension ofTimc and Fee therefor are necessary in fliecoi)ending parent 
applicationu 

Please abandon the parent application at a time while the parent appUcation is pending or at a time when 
the petition for extension of time in fliat ^Ucation is granted and while this plication is pcndmg has 
been granted a filing date, so as to make this ^>plication co-pending. 

[ ] Transfer the drawing(s) fmm the patent application to this application. 



533531.1 




DockefNo. 402»4001 



[ ] Amend the specification by inserting before the iiist line the sentence: 

This is a [ ] continuation [ ] divisional [ ] continuation-in-paxt of co-pending application Serial No. 

filed . 



I. CALCULATION OF APPLICATION FEE flFor Other Than A Small Entity) 















Basic Fee 






Number Filed 




Number Extra 


Rate 


$ 690.00 


Total 
Claims 




184 


-20= 


164 


x$ 18,00 


$2,952.00 


Indq>endent 
Claims 




44 


-3» 


41 


x$78.00 


$3,198.00 


Multiple Dependent Claims 


[ ]yes 

[X]no 




Additional Fee = 
Add'lFcc 


S260.00 
NONE 


$0.00 



Total: $6>840.00 

Q 

[ ] A statement claiming small entity status is attached or has been filed in the above-identified parent 
U1 application and its benefit under 37 C.F.R. § 1.28(a) is hereby claimed. Reduced fees under 37 CFJl. 

«P § 1 .9(F) (50% of total) paid herewith $ . 

ftJ 

SI [ ] A check in the amount of 2 in payment of the applicatim filing fees is attached. 

31 

05 [ ] Charge Fec(s) to Deposit Account No. 13-4500. Order No, . A DUPLICATE COPY OF 

r Tins SHEET IS ATTACHED, 



[ ] The Assistant Commissioner is hereby audiorized to charge any additional fees which may be required for 

filing this application, or credit any overpayment to Deposit Account No. 13-4500, Order No. 

. A DUPLICATE COPY OF THIS SHEET IS ATTACHED. 



B 

O 

P Respectfully submitted, 

MORGAN & FINNEGAN, L.LJ>, 



Dated: April 4, 2000 



CORRESPONDENCE ADDRESS: 



Israel Blum 

Registration No. 26»710 



MORGAN & FINNEGAN, L.L.P. 

345 Park Avenue 

New York, New York 10154 

(212)758-4800 

(212) 751-6849 Facsimile 



-3- 



Applicaiit(s) 
Sexial No. 
FUed 
For 



PATENT 
Docket No. 4026-4001 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

UanBen.Oren,etal. Group Art Unit: to be assigned 

to be assigned Examiner to be assigned 

April4,2000 

BREATHE TEST APPARATUS AND METHODS 
EXPRESS MAIL CERTIHCATE 



o 

m 
«^ 
m 

SI 

m 
m 



5 

Q 
P 



Ejqjress Mail Label No. EJ604 724 451US 
Date of Deposit April 4. 2000 

I hetdby cotify that the following attached papers) and/or fee 

1, Utility Application consisting of 103 pages of specification. 1 page of abstract, 31 pages ofclaimsand 
26 sheets of formal drawings; and 

2. return receipt postcard 

is being deposited with the United States Postal Service "Express Mail Post Office to Addressee** service under 
37 C.F.R. §1.10 on the date indicated above and is addressed to the Assistant Commissioner for Patents, 
Washington, D.C. 20231. 

FRANCISCO L GARCIA 



CORRESPONDENCE ADDRESS: 

MORGAN & FINNEGAN, LX.P. 

345 Park Avenue 

New York, New Yoik 10154 

(212)758^800 

(212) 751-6849 Facsimile 

FORM: EXP-MAIL.NY 
Rev. 05/27/98 



(Typed or printed name of person 
mailing paper(s) and/or fee) 



T&ignature of person mailmg 
papec(s) and/or fee) 



533613_1 



35252 ^ 



BREATH TEST APPARATUS AND METHODS 



m 
m 

Si 

m 



a 



FIELD OF THE INVENTION 

The preseat invention relates to the field of breath test instrumentation and 
methods of use, especially in relation to their accuracy, reUabiUly and speed. 

BACKGROUND OF THE INVENTION 

Gas analyzers are used for many measurement and monitoring functions in 
science, industry and medicine. In particular, gas spectrometry is becoming 
widely used in diagnostic instrumentation based on the use of breath tests for 
detecting a number of medical conditions present in patients. Descriptions of 
much breath test metiiodology and instrumentation are disclosed in PCT 
PubUcation No. W099/12471, entided "Breath Test Analyzer" by D. Katzman 
and E. Carlebach. some of the inventors in the present application. Metiiods of 
constructing and operating gas analyzers such as are used in breath test 
instrumentation are disclosed in PCT PubUcation No. W099/14576, entitied 
"Isotopic Gas Analyzer- by I. Ben-Oren, L. Coleman, E. Carlebach, B. Giron 
and G. Levitsky, some of the inventors in the present ^Ucation. Applications of 
some breaA tests for detecting specific medical conditions arc contained in 
patents issued to one of the inventors of the present application, namdy U.S. 
Patent No. 5.962,335 to D. Katzman on "Breath Test for Detection of Drug 
MetaboUsm", and U.S. Patent No. 5.944.670 to D. Katzman on "Breath test for 
the Detection of Bacterial hrfection" and in allowed U.S. Patent Application 
No.08/805415, by D. Katzman on "Breath test for the Diagnosis of Helicobacter 
Pylori Infection in the Gastrointestinal Tract". Each of the above documents is 
hereby incorporated by reference in its entirety. 

Such breath tests are based on the ingestion of a marker substrate, which is 
cleaved by fl»c speciS bacteria or"«iiyiinic acti^ bdni^up^^ 
the metaboUc fimction being tested, to produce marked by-products. These 
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by-products are absorbed in the blood stream, and are exhaled in the patient's 
breath, where fliey are detected by means of the gas analyzer. 

One well known method of marking such substrates is by substituting one 
of its component atoms with an isotopically enriched atom. Such substrates and 
their by-products are commonly called isotopically labeled. One atom commonly 
used in such test procedures is the non-radioactive carbon- 13 atom, present in a 
ratio of about 1.1% of naturally occurring carbon. Using ^^C as the tracer, the 
cleavage product produced in many such tests is ^^COa, which is absorbed ia the 
bloodstream and exhaled in the patient^s breath. The breath sample is analyzed, 
before and after taking this maik^ substrate, typically in a mass spectrometer or 
a non-dispersive infira-red ^ectrometer. Detected changes in the ratio of ^^C02 to 
^^C02 may be Used to provide information about the presence of die specific 
bacteria or enzymic action being sought, or as a measure of the metabolic 
Amotion being tested. 

Since die amoimt of CO2 arising from die process under test may be a veiy 
small proportion of the total CO2 production from all of the bodies^ metabolic 
processes, the breath test instrumentation must be capable of detecting veiy small 
changes in die naturally occurring percentage of ^^COz in die patient's breath. 
Typically, the instrument should be capable of detecting changes of a few parts 
per million in the level of ^^COiin the patient's exhaled breath, where the i;^ole 
^^COa content in the patient's exhaled breath is only of the order of a few 
hundred ppm. For this reason, the sensitivity, selectivity and stability of the gas 
analyzers used in such tests must be of the higihest possible level to enable 
accurate and speedy results to be obtained. 

Furthermore, since the iostrument is intended to operate in a point-of-care 
environment, v^ere there is generally no continuous technician jiresence, die 
instrument must have good self-diagAOstic capabilities, to define whether it is in 
good operating condition and fit for use. For similar reasons, it should also have a 
level of self calibration capability, to correct any drift in calibration level 
revealed in sudTself-ndia^ostic^ti^ls or otfi^wiseT 

The use of the instrument in a point-of-care environment adds additional 
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importance to the speed with which an accurate diagnosis can be given to tfie 
patient following the test. Consequently, to increase patient compliance, the 
methods used in the breath test for analyzing the results of the measurements in 
terms of meaningful diagnostic information should be designed to provide as 
conclusive and reliable a result in as short a time as possible. Furthermore, the 
execution of the test in the physician^s ofiQce is greatly facilitated by the use of 
simple patient and substrate preparation procedures. 

In order to maintain the reliability of such tests, it is necessaiy to ensure 
that the calibration of the gas analyzer is maintained at the correct level. For tibis 
reason, in order to ensure maintenance of the high accuracy levels required, many 
of the prior art instruments necessi^te die perfonnance of complex and 
time-consuming calibration procedures, some of which have to be laboratory 
performed, rather than user-performed in the field Since the advent of compact 
and low cost breath test instrumentation is maldng breath testing a widely used 
medical ofSce procedure, instead of a hospital or laboratory procedure, the need 
for simple, user-performed, periodic calibration checks is becoming of prime 
importance. 

Furthermore, the breath exhaled by patients always contains a naturally 
high level of humidity, and in the case of intubated patients, could also contain a 
high level of moisture and other secretions. The presence of such extraneous 
fluids can severely affect die ability of the gas analyzer to accurately measure the 
sought-after gas. Furttiermore, constant exposure to high levels of humidity can 
have an adverse efifect on the component parts of the gas analyzer, and especially 
on die measuring sensor itself For these reasons, moisture and humidity filters 
are advisable to maintain die accuracy of the instrument Since the operator may 
have a tendency to use the filters provided with die instrument beyond the 
recommended number of times, thereby impairing die accuracy of the 
measurement, it is important diat means be adopted to ensure that the filtration 
unit is not used beyond its stated lifetime. 

There tiierefore exists a need to ensure the maintenance of the accuracy of 
breath test instrumenfatton, both by means of regular mandated calibration 
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checks, and by ensuring regular mandated changes of the moisture filter used 
with the instrument. Furthermore, tiiere is a need for the calibration check 
procedure to be capable of simple and preferably semi-automatic execution by 
the viser, rather than requiring the intervention of a tedmician, or shipment to a 
calibration laboratory. 

The vmique characteristics of the breath test analyzer described in the 
above mentioned PCX PubUcation No. WO 99/12471, are due in large measure to 
the use of electrode-less cold gas discharge infia-red lamp sources, as described 
in U.S. Patent No. 5,300,859, entitled "IR-Radiation Source and Method for 
g Producing Same" to S. Yatsiv et al., hereby incorporated by reference in its 

entirety. One of the important advantages of such lamp sources is that they emit 
15 very narrow spectral lines at discrete firequencies diaracteristic of the molecular 

m rotational-vibiational to ground state transitions of the excited gas species 

? contained in the lamp. This is achieved in a source which is sealed-ofi^ is 

3 compact, has a good level of conversion efficiency fi-om electrical to optical 

^ power, and has a long life compared with previously available sealed-off lan^s 

D sources. 

The unique spectral properties and the narrowness of the emission lines of 
such lamps provides such gas analyzers widi high levels of selectivity, sensitivity 
and stability, which are many times better than gas analyzers of similar 
complexity, which use lamp sources of altemative technologies, such as hot 
blackhody sources. The other advantages mentioned above enable the production 
of compact and cost effective instrumentation using such sources. 

The laxap sources described in U.S. Patent No. 5,300,859 have found 
particularly advantageous applications as sources of the CO2 spectral emission 
lines, for gas analysis of exhaled breath, to determine tiie levels of CO2 therein. 
Such CO2 sources have been used to great advantage in capnograpliy and breath 
testing instrumentation. 

In U.S. Pat«ttf No. 5,300,859, there is a thorough discussion regarding tiie 
parameters affecting the lamp emission rise and decay time, efiHciency, excitation 
and output, and tfie lamp lifetime as a function of chemical metiiods used to clean 



the lamp before sealing. On the oflier hand, the question of the spectral stability 
of the lamp source is not addressed. However, when used as a frequency 
selective source in NDIR spectroscopic appUcations, spectral stability may even 
be more important than tiie above parameters. Intensity changes over time can 
easily be monitored and corrected by using a reference path, since lamp intensity 
is a single valued quantity. On the other hand, spectral changes can not be easily 
monitored or corrected for, because of the huge amount of information contained 
in a spectrum. Changes in the lamp spectrum cause changes in the absorption cell 
absorption characteristics. If these changes are not known, then it is impossible to 
^ accurately measure gas concentrations using such lamp sources. There therefore 

5 exists a serious need for a method of maintaining a higih level of spectral stability^ 

in electrode-less cold gas discharge infra-red lamp sources. A higih level of 
spectral stability would make an important contribution to the maintenance of 
s accurate calibration levels in breath test instruments usmg such lamps. 

J The disclosures of all publications mentioned in this section and in the 

^ other sections of the specification, are hereby incorporated by reference, each in 

its entirety. 
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SUMMARY OF THE INVENTION 



The present invention seeks to provide new methods and devices for 
ensuring the accuracy, speed and reliability of breath tests. A number of separate 
aspects of the invention are disclosed herein, including but not limited to subjects 
related to: 

(i) system checking devices and methods of ensuring their periodic use; 

(ii) methods of patient preparation and substrate ingestion; 

(iii) methods of analysis of the results of breath tests to provide accurate 
2 diagnoses in the minimum possible time; 

^ (iv) self-diagnostic facilities and calibration of breath test instruments; and 

(v) the spectral stability for electrode-less cold gas discharge mfira-red 
ffl lamps, such as those used in NDIR gas spectrometers typically used in 

m 

2 breath testers. 

2 The term "system check" is generally used throughout this specification 

O and claimed, to describe methods for determining that multiple aspects of the 

P measurement system are functioning correctly, including primarily calibration of 

the gas analyzer, but also possibly including such functions as the radiation 
source stability, the input capnograph calibration, flie gas handling system, the 
intermediate chamber system for collecting and diluting accumulated breatii 
samples, and the detector operation. 

The term "calibration checl^' is generally used m this specification and 
claimed, to refer to a measurement of flie absolute calibration of the isotopic 
ratios measured by the breath tester, refcnred to a zero base line level, by the use 
of calibration checking gases with knovm isotopic concentrations or ratios, uiput 
to flie instrument from externally supplied containers. Since a calibration check is 
part of a system check, overiappmg use of these terms may have been made on 
occasion, according to the context under discussion. 

The use^f die tenn "cdibration^ of t^^^ die odiCT KanK^is" 

generally used in this specification and claimed, to describe a process whereby 
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the parameters of the absorption curves used for the infra-red absorption 
measurements of the gases are corrected so that they compensate for drift or other 
environmentally induced changes occurring in tiiie instrument. Changes in the 
absorption curves are indeed generally the major cause for changes in flie 
calibration of the instrument. According to this nomenclature, a calibration 
procediu-e, as opposed to a calibration checking procedure, does not use 
extemally supplied gases with known isotopic concentrations or ratios, but 
typically relies on checks for intemal inconsistency in die results obtained in 
actual measurements performed by the breath tester. The usual inconsistency 

p revealed is an unjustified correlation of measured values of isotopic ratio widi gas 

^ concentration, as will be further expounded hereinunder. 

^ The present invention first of all seeks to provide a new system checking 

device for use with gas analyzer-based breath test instrumentation, including the 

SI 

^ ability to perform a calibration check of the instrument against known calibrating 

C3 gases. The use of the device with breath tests is particularly important, because of 

the high sensitivity, selectivity and accuracy, which must be maintained to ensure 
the success of such tests. The use of the device is simple, and ensures that the 
overall functionality and accuracy of the gas analyzer is checked at regular 
predetermined periods, without the need for the operator to perform complex 
calibration procedures. At the same time, the calibration checking device may 
also comprise a fluid filter, and is so constmcted tiiat its use ensures efficient 
fluid filtering. 

There is Urns provided in accordance with a preferred embodiment of the 
present invention, a calibration checking sanq>ling line unit witii a built-in filter, 
particularly for use with breath test instrumentation. In order to maintain the 
guaranteed accuracy of die breath test, it is important both to perform regular 
calibration checks of the gas monitor, and to ensure that die humidity level of the 
sampled gas is kept below a specified level, and that there is no liquid penetration 

"into the gas analyzer. Each calibration check device is-designed-to-be used for-a- 

predetermined number of tests, with a separate disposable oral/nasal part for each 
individual test perfonned. After first connection of a new calibration check 
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device, according to one preferred onbodiment of the present invention, a 
volume of known calibration checking gas is released into the instrument and a 
calibration checking measurement is initiated. At the same time, a signal is sent 
to a counting mechanism which both enables the use of the instrument, and 
commences a count of the number of tests performed by die breath tester. The 
counting mechanism can be located eitiier on the calibration checking device or 
in the instrument itself. When the predetermined number of tests have been 
peifomied, after which a new calibration check is recommended, the counting 
mechanism provides operator warning thereof or prefarabty even prevents 
O continued operation of the instrumrait until a new calibration check is performed. 

A preferred mediod for peifonning ±is control function is disclosed in a furtho: 
embodiment of the present invention. 
^ According to another preferred embodiment of the present invention, the 

^ signal transmitted after first comiection of a new calibration check device and 

h performance of a calibration check procedure, is sent to a timing mechanism 

□ which both enables the use of the instrument, and begins accumulating the 

5 amount of time that the breatii tester has been in operation since the last 

calibration checking procedure. When a predetermined operation time has been 
exceeded, after which a new calibration check is recommended, the timer 
mechanism provides operator warning thereof, or preferably even prevents 
continued operation of the instrument until a new calibration check is performed. 

According to a further preferred embodiment of the present mvention, the 
built-in moisture filter also has an interface with the instrument, which prevents 
its operation if the filter is used beyond the recommended number of times, or if 
excess moisture renders it saturated. As an alternative to a multiple-use filter uni^ 
the disposable oral/nasal part siqpplied for each individual test could be provided 
with a built-in section of moisture filtering or moisture absorbing material, to 
ensure the use a fi^esh filter element for every patient test According to this 
embodiment~of tiie invention, the use of a fresh filter, while not mandated, should 
be performed automatically if normal hygienic clinical procedures of using a new 
cannula for every test are followed. In this case, to give additional assurance that 
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a new cannula would be used for every test, each calibration check unit is 
preferably supplied as a kit wifli the number of disposable oral/nasal parts, which 
would suffice for die number of tests expected to be performed within the 
recommended changing period of the calibration check unit. 

In accordance with further preferred embodiments of the present 
invention, where the particular circumstances of the test conditions allow it, the 
calibration check device can incorporate a caUbration check unit only, without a 
filter device, or a filter device only, without any calibration check unit. 
Alternatively and preferably, the calibration check device can contain both a 
□ calibration check unit and a filter unit, and flic enable or count signal transmitted 

5 to tfie instrument firom only one or otiier of flie two units. 

According to fiarther preferred embodiments of this aspect of flie present 
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N inventiLon, the calibration checkmg device is used in co-operation vsnth a breath 

m simulating device inside the breath tester, tiie combination operatmg as a 

complete system checking device. From die calibration checking device gas fill. 



£ a series of gas samples is produced which simulate all aspects of the breath of a 



subject xmdergoing a breath test. According to these embodiments, the breath 
d simulator provides samples of (i) ambient air with the natural level of flie breath 

test gas, to simulate the inhaled breath, (ii) a sample of die gas to be detected in 
the breath test with a known low isotopic ratio, to simulate the exhaled breath of 
a subject before ingestion of the isotopically labeled substrate, and (iii) a sample 
of the breath test gas having an isotopic ratio of the detected component 
somewhat increased, to simulate the exhaled breath of a subject having a 
detectable response to the breath test. The timing of the supply of these three 
types of calibration check input gases is preferentially provided by means of a 
pneumatic system using solenoid valves to route the gases dirough the correct 
paths, and at the correct timing rate to simulate human respiration rate. According 
to altemative preferred embodiments, flie calibration checking gas with the 
slightly raised isotopic ratio component is generated either by means of a porous 
tube device, able to preferentially change the isotopic content of a gas flowing 
through it, or by means of two separate calibration checking gas containers, each 
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containing a gas fUl with a slightly different isotopic ratio. 

According to a second aspect of the present invention, tiiere is provided in 
accordance with fiirtiier preferred embodiments of the present invention, mediods 
relating to tiie patient preparation before administration o"f the breath test These 
methods are made possible only because of the method of virtually continuous 
sampling and analyzing of breaths, as described in this application, and in tiie 
documents described in the background section. In addition, methods of 
preparation and administration of die substrate for ingestion before the breath test 
are described. 

It is to be understood that, throughout this , specification and as claimed, 
€ the use of tenns to describe sampling and/or analyzing, such as NirtuaUy 

=P continuous sampling" or "virtuaUy continuous analyzing" or equivalent 

descriptive expressions, such as "substantially continuously", are meant to refer 
m to me&ods of sampling or analyzing capable of being performed repeatedly and 

^ repetitively at a rate which is sufficiently high that a number of samplings and/or 

£ analyses are performed within the time taken for useful clinical information to be 

L-55 

^ determined from the physiological effects under investigation by ihe breath test. 

This rate is thus highly dependent on the type of breatii test involved. In tiie case 
of a breath test such as that for the detection of Helicobacter pylori, for instance, 
where a meaningful clinical result may aheady be obtained in a matter of a few 
minutes, •'virtually continuous sampling** could be taken to mean a rate as fast as 
ahnost every exhaled breafli of the subject On the other hand, with breath tests 
such as that for liver function, in which it could be several hours before ia 
meaningfid result is obtained, the condition of "virtually continuous sanqiling'' or 
equivalent terms, may be fulfilled by means of a breath sample collection and/of 
analysis every half hour, for instance. 

It is Ais feature of virtually continuous sampling or analysis which 
provides the present invention with many of its advantages over prior art methods 
of sampling and analyzing indiiidufl bags of brieath. From a iwractica^ 
view, it is difficult, if not well-nigh impossible, to perform such prior art methods 
•^virtually continuously*', and it is this feature ^>^ch thereby enables the present 
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invention to provide clinically significant results both earlier and with a higher 
level of reliability than by prior art methods. 

According to a third aspect of the present invention, there are also 
provided in accordance with more preferred embodiments of the present 
invention, methods for analysis of the results of breafti tests to provide accurate 
diagnoses within times significantly shorter &an those possible by use of prior art 
methods. These methods include the use of a method for detecting the presence 
of oral activity in the subject, arising fl*om the direct interaction of the labeled 
substrate with bacteria in the oral cavity, unrelated to the physiological state 
being tested for. It is important to detect such oral activity, and to delay the 
^ analysis of the collected breathis until after its subsidence. Otherwise the breath 

^ test's ability to detect by-products of the labeled substrate exhaled m the 

"^1 subject^s breath after traversing a metaboUc path through the subject's blood 

^ stream and lungs, would be severely degraded. 

Further novel methods are disclosed for calculating the change in isotopic 
£ ratio over the baseline isotopic ratio, which enable more reliable test results to be 

^ obtamed in situations where tiiere may be interference or excessive noise in the 

p measurement. A further method is described for combating the effects of drift m 

the breatii test instrumentation, which may limit the ability to accurately 
compare currenfly collected samples witii a baseline sample collected earlier. 
According to this preferred embodiment of the present invention, tiie sample 
collected at each sampling point is compared with the sample collected at the 
previous sampling point, rather than with a baseline sample or an external 
reference gas. 

Further preferred embodiments are disclosed in which tfie changes in 
isotopic ratio detected are analyzed using a newly proposed parameter, called die 
Relative Change in Isotopic Ratio, or RCIR, which compares the firactional 
change in the currentiy obtained ratio, normalized to a variety of isotopic ratios, 
each of which has its own specific advantages, A method is also disclosed of 
using alternating definitions for the RCIR parameter, according to the progress of 
the test results, in order to reduce the eflfects of physiological or instrumental 
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noise in the test results. A meAod for more accurate detection of Hie baseline 
level is also disclosed, whereby multiple baseline measurements are made to 
eliminate the possible negative effects of a single rogue measurement point 

The operational function in a breath test is to determine when a change in 
the isotopic ratio of a component of breatfi samples of the subject is clinicaUy 
significant with respect to the effect being sought The criterion for this 
determination, as used in much of the prior art is whether or not the isotopic 
ratio has exceeded a predefined threshold level, at or within the allotted time for 
the test According to anotiier preferred embodiment of the present invention, in 
Q order to achieve the highest sensitivity and specificity in the shortest possible 

I measurement time, the breafli test analyzer does not use fixed criteria for 

J detennining whether the change m the isotopic ratio of a patient* s breafli is 

S clinically significant Instead, die criterion is varied during the course of the test 

m according to a number of fiictors manifested during the test, including, for 

b instance, the elapsed time of tiie test the noise level of the instrument peifonning 

5 the test aJid the physiological results of the test itself 

Furthermore, although in many of the prior art procedures, the 
O measurement used for the change in the isotopic ratio has been the level of the 

ratio over a baseline level, according to further preferred embodiments of die 
present invention, the measurement could be the change over a previous 
measurement point other tfian a basebne level, or die rate of change of the 
isotopic level, or any other suitable property which can be used to plot die course 
of the change. 

As an example of flie execution of such a variable <ait«ion, the crossing 
of a threshold level by the isotopic ratio is used to illustrate the advantages of 
these prcfened embodiments of the present invention. A calculation me&od is 
disclosed for the more accurate use of the Areshold level, above which, 
according to the methods of the prior art, a test result is assumed to be positive, 
or below which it is assumed to be negative." The ffiefliod makes use of a- 
dynamically variable diresihold, whose value changes according to the progress of 
the breath test It is optionally and preferabty made dependmt on the elapsed 
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time of the test, on the physiological meaning of the results, on the scatter or 
quality of the results themselves, and on the noise level or drift of the instrument 
being used. In addition, further preferred embodiments using multiple thresholds 
are disclosed. 

According to a fourth aspect of the present invention, there are also 
provided, in accordance vsdth other preferred embodiments of the present 
invention, methods for self-diagnostic analysis of a breath test instrument, and 
for system checking of the instrument. According to these preferred 
embodiments, novel methods are disclosed for calibration of the instrument 
according to the data being collected, eitfier automatically, or by means of 
operator intervention. Such methods generally are based on tiie assumption that if 
the absorption curve of the gas analyzer is accurately known, then the isotopic 
ratio measured in the gas being detected, according to the supposedly correct 
absorption curve, will show no dependence on changes in the concentration of 
the sample being measured. Any such dependence found is reduced by means of 
an iterative correction method, which changes the parameters of the absorption 
curve in such a manner as to reduce any such correlation. 

Another preferred method disclosed according to this aspect of the present 
invention is operative for correcting any inaccuracy in tiie capnographic 
measurement performed at the entrance to a breath tester, by means of 
comparison with an accurate measurement performed by the self-calibrating gas 
analyzer, as summarized above. The capnogrs^hic measurement is used in order 
to detemiine which parts of the breath waveform are collected for analysis by the 
gas analyzer in the breatii tester. 

According to a fifth aspect of the present mvention, there is provided, in 
accordance with another prefrared embodiment of the present invention, a new 
metfiod of producing cold gas discharge mfia-red lamp sources with unproved 
spectral stability, especially for those lamps operating wifli a carbon dioxide fill. 
A catalyst is usedTtb induce fecbmbinaSon of the dissociation products of 
molecules of the fill gas broken down by flie action of the electrical discharge, 
and the resulting maintenance of tiie level of self absorption of ttie lamp 
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emission, results in a concomitant maintenance of flie spectral shape of the lamp 
eanission. As a result of this maintained spectral purity, a breath tester utilizing 
such a lamp has improved resolution and improved accuraqr, resulting from tiie 
more accurate and better resolved absorption measurement made on Ae isotopic 
gas mixture. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from 
the foUowing detaUed description, taken in conjunction with the drawings in 
which: 

Fig. 1 is a schematic block diagram of tiie constituent parts of a breath 
tester as disclosed in PCT PubUcation No. W099/14576, incorporating an 
intermediate chamber ^stem for accumulating and manipulating breath samples; 
Fig. 2 is an isometric view of a NDIR molecular correlation spectrometer, 
□ of the type used in tiie breath tester shown in Fig. 1; 

% Fig. 3 is a schematic illustration of a gas analyzer system checking device, 

constructed and operative according to a preferred embodiment of the present 
invention, connected to a breath tester; 
h Figs. 4A and 4B are schematic cut-away illustrations of preferred 

b connector embodiments for interfacing between tiie gas analyzer system 

i checking device, and a breath testing instrument, where Fig. 4A shows a 

S connector incorporating a simple electrical contact interface and Fig. 4B shows a 

° connector witii an optical interface. Fig. 4C is a block diagram of the method of 

interfacing an electronic interface which incorporates an active semiconductor 
mtegrated circuit on tiie calibration checking unit connector; 

Fig. 5 is a schematic representation of another preferred embodiment, in 
which the filter function is performed by means of a dedicated section of the 
disposable oral/nasal cannula sampUng tube, which has built-in filtering 
properties; 

Fig. 6 is a schematic illustiration of a sanq>]ing filto: line whose filter 
section is preferably one of tiiose described in U.S. Patent No. 5,657,750, 
incorporated by referoice in its entire^ 

Fig. 7 is a cut-away schematic diagram of an embodiment of a calibration 
checking unit, showing a glass ampoule con1aiiuhg preiiiix©a~calibration gases; 

Fig. 8A and 8B are cut-away schematic diagrams of two preferred 
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embodiments of calibration checking units, with two glass ampoules, each 
containing premixed calibration gases; 

Figs. 9A and 9B illustrate schematically the operational concepts which 
are the basis of the calibration checking methods according to preferred 
embodiments of the present invention. Fig. 9A shows a representation of a source 
of a calibrating gas of known concentrations, which can come from a variety of 
sources, while Fig. 9B shows a schematic graph of resiilts typically obtained 
from a series of dilutions of the calibrating gas, and measurements of die isotopic 
ratio at each dilution; 

Fig. 10 schematically shows a preferred embodiment of a porous tube for 
generating a gas sample with a different isotopic ratio to that input to the tube; 

Fig. 11 shows a graph of e^qpeiimental results of the change in isotopic 
ratio obtained in the passage of carbon dioxide down a porous tube of the type 
shown in Fig. 10, as a function of the CO2 concentration and of the length of the 
tube used; 

Fig. 12 illustrates a double-stream porous tube calibrator, in which the rate 
of diffusion is more closely controlled than in die embodiment shown in Fig. 10; 

Figs. 13 and 14 which schematically show different embodiments of flow 
systems with dynamic isotopic ratio control, for supplying a breath tester with 
calibration gas samples, incorporating the porous tube devices depicted in Fig. 10 
and Fig. 12 respectively; 

Fig. 15 sch^natically illustrates a prefeixed embodiment for the 
mechanical incorporation in a breath test instrument, of a single-flow porous tube 
device of the type shown in Fig. 13, for the execution of a calibration check 
procedure; 

Fig. 16 schematically illustrates another preferred embodiment for the 
calibration checking gas iinit, in vAnch the gas is contained in a metallic housing 
with a narrow neck for insertion into flie calibration input connector on the breath 
tester front panel; 

Fig. 17 schematically illustrates another preferred embodiment for the 
calibration checking gas holder, similar to that shown in Fig. 14, but wherein the 
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gas is contained in a metaiized plastic bag; 

Fig. 18A to Fig. 18C schematically illustrate other preferred embodiments 
for the calibration gas holder, in ^hich use is made of an aerosol type of 
container for supplying the calibration gas, vnfh a check valve for containing it 
Fig. 18A shows the closed container, while Fig. 18B shows the calibration 
checking gas released by the act of screwing the container into the front panel 
coimector of the breath tester. Fig 18C shows a device for ensuring that the gas 
container is correcfly located in the front panel input connector, when use is 
made of an alternative embodiment whereby the container is inserted by means of 
Q linear motion; 

5 Figs. 19A to 19C schematically show die operational stages by which a 

calibration check procedure is performed in the calibration check system shown 



ftj 



SJ in Fig. 15; 

m 

^ Fig. 20 shows an alternative preferred embodiment for performing a 

Q calibration check procedure, differing from that shown in Fig. IS in that gas with 

^ only one known isotopic ratio is provided to die instrument for measurement; 

«P Fig. 21A-B shows a flow chart, according to a fiirdier preferred 

Q embodiment of the present invention, of the computational method running 

within the calibration checking control program, to supervise the demand and 
execution of the periodic calibration checking tests; 

Fig. 22 is a schematic flow diagram of the main steps of a preferred 
embodiment of the calibration procedure operating in the breadi tester; 

Figs. 23A to 23E show plots of various breath test results which can be 
correctly interpreted using mediods of virtually continuous sampling and 
analyzing according to prefeired emboduments of the present invention, but 
which may have been misinterpreted using prior art methods of collecting and 
analyzing discrete bags of sample breadi; 

Fig. 24 is a graphic plot illustrating the use of the method of comparing 
pairs of successively collected sample widi each other- rather than v^th baseline 
or reference samples; 

Fig. 25 is a grapliic plot of the threshold values used for determining when 




die change in isotopic ratio can be considered as providing a definitive restdt, as a 
function of tiie time elapsed from ingestion of the isotope labeled substrate; and 

Fig. 26 is a schematic drawing of an improved electrically-excited gas 
discharge lamp, constructed and operative according to anotiier prefenned 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Overall Breath Test System Construction and Operation 

Reference is now made to Figs. 1 and 2, which are schematic illustrations 
of parts of a prior art breath test instrument, of a type in which can be 
incorporated many of the methods and devices of the various embodiments of the 
present invention. The illustrations are taken from PCT Publication No. 
\y099/14576, mentioned in the background section of this application. Figs. 1 
and 2 are presented solely for the purpose of illustrating and clarifying certain 
aspects of the present invention, and it is not to be construed that the methods 
and devices of the present invention are limited to applications in breath testers of 
the type illxistrated in Figs. 1 and 2. The component parts and operation of the 
breath tester shown in Figs. 1 and 2 are described in terms of their use for 
performing ^^C02 breath tests. 

Reference is now made to Fig. 1, which is a schematic block diagram of 
the constituent parts of a breath tester incorporating an intermediate chamber 
system for accimiulating and manipulating breath samples, in order to bring them 
to the desired concentration for analysis. The subject 1 undergoing the breath test 
breathes or blows into a nasal or oral caimula 2. The breath samples are input 
into a breath sensor module 3, which is an input capnographic probe whose 
function is to monitor the waveforms of individual sample breaths, and to 
determine which parts of each breath to accumulate for analysis, and which parts 
to discard. The intermediate chamber gas handling system 4, iP^ch includes a 
system of sensors and solenoid valves, is operative to direct parts of the sample 
brea^ either into the sample accumulation chamber 5, or if unneeded, out into 
the room. As soon as enough gas has been collected, and at the desired 
concentration, die sample gas is transferred from the accumulation chamber 5 to 
the NDIR molecidar con-elation spectrpmetric measure^^ cell 6, for 
measurement of the isotopic concentrations in the gas. A computer-based control 
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system receives and processes the results of the absorption measurements, 
calculates the isotopic ratios of tibe samples, and generally controls the complete 
operation of the intermediate chamber system. 

Reference is now made to Fig. 2, which is an isometric view of a prior art 
NDIR molecular correlation spectrometer, of the type used in the breath tester 
shown in Fig. 1. The analysis chambers are bmlt into an altuninmn block 10. 
There are two chambers for each isotopic analysis, one sample chamber and one 
reference chamber. The minority isotope chambers 1 1 for die '^COa , the ends of 
which are visible in die end phite 12 of die analyzer block 10, are much longer 
dian those 13 of die majority isotope '^COa. A thin shutter 14 is used for 
switching the measurement between the sample and reference channels. In the 
S spectrometer embodiment shown in Fig. 2, die isotopically specific sources 15, 

*3 and the absorption chambers 1 1, 13, are directed such fliat Ae ou^ut beams firom 

m all four channels are dkected by means of a light cone 15 into a single detector 

q 16. 

j SystCTi Check System 

O 

-7- 

o 

q Reference is now made to Fig. 3, which illustrates schematically a gas 

analyzer system checking device 20, constructed and operative according to a 
preferred embodiment of the present invention, connected to a breath tester 21. 
The device consists of two separate componoits, the caUbration checking unit 22, 
and the fluid filto- unit 23. The subject 1 is connected to the device by means of a 
disposable nasal or oral sampling tube 2, into which he breadies. This sampling 
tube is connected to the filter unit 23 of die device by means of a mating 
connection 27. The sanq>ling tube is preferabty of a simple nasal/oral camrala 
type, such that it is a low cost disposable item. 

The filter unit 23 is attached to die calibration checking unit 22, or is 
built-into die calibration checking unit, such diat the exhaled breath, after having 
moisture' and/w fluids reinoved ffom it, passeis diroX^flie calibration-checldng- 
unit 22, into die gas analyzer section 25 of die breadi tester 21. The complete gas 
analyzer system checking device 20 is connected to die breadi tester by means of 
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a special flange connector 24, whose function is twofold. Firstiy, it provides 
passage of the exhaled breath to be tested into the gas analyzer 25. In addition, it 
provides one or more of electrical, electronic, optical, magnetic, gaseous and 
mechanical interfaces, according to the particular embodiment used, between the 
gas analyzer system checking device and the breath tester. 

The interface mechanism fitted to the system checking unit is preferably 
constructed such that the first time it is connected to the breath tester, a 
momentary signal is inputted by means of control line 28 to a controller unit 26 
within Hie breath tester 21, which resets an accumulator unit which counts the 
number of breafli tests performed with each system checking unit The actual 
/| count is performed by the breath tester program, and a count could be added to 

the total, for example, for every occasion that the "Start Tesr command is given 

m 

N to the system. 

0=1 

m According to a ftirther preferred embodiment of the present invention, the 

r% controller unit 26 within the breath tester 12 is operative to start a timing device 

£ which accumulates the total time of operation of the breath tester from first 

5 cormection of a specific system checking device. In tiiis embodiment, die 

Q criterion for use of one system checking device is not the number of tests 

performed using it, but rather flie length of time flie breath tester is in operation 
before a calibration check is considered necessary. 

According to anotfier preferred embodiment of the present invention, the 
signal to reset the test counting mechanism to zero could be provided by the entry 
of tile calibration checking gas itself. According to this embodiment, the analyzer 
is programmed to detect that flie gas entering its input port does not have a 
conventional breath waveform, and tiie system thus assumes diat the gas entering 
is fi-om a system checking procedure. Alternatively, a marker gas could be 
included with the calibration checking gas, and detected by the gas analyzer. 

The filter unit, according to other preferred embodiments of the present 
invention, may also have an interface control connection 29 to the Controller unit 
26 witiiin the breath tester 21. This control signal could be used for instance, for 
warning the user when the filter imit is saturated and no longer efticient, or even 



to prevent operation of the instrument even before its replacement is mandated 
by the elapsed time or number of tests performed. For instance, an accidental 
ingestion of fluid into the sampling tube from the patient before commencement 
of the breath test, may render the filter useless for continued use, and without a 
warning to this effect, the subsequent breath test would be unreliable. This 
control signal could be preferably generated either by optical detection of the 
change in color of a moisture absorbing material, such as silica gel, or by the 
closure of electrical contacts when tiie accumulated fluid reaches a certain leveL 

Fig. 4A shows a cut away drawiiig of a connector incorporating a simple 
single-use electrical contact interface. The connector flange 30 on the system 
checker fluid filter device is screwed by means of a knurled nut 32 onto the 
mating connector flange 34 mounted on tiie input panel 36 of the breath tester 
enclosure 38. An 0-ring 45 ensures gas tight closure. Once the connector is 
closed, the gas being analyzed 40 can flow via flie calibration checking unit into 
the gas analyzer of the breath tester. Mounted on a machined hollow or groove m 
flie mating surface of the flange is a thin metallic foil 42, which, on first 
instantaneous contact with the connector, touches two contact pins 44. This 
closes an input signal circuit 46 in the controller unit, thereby enabling the 
commencement of the count of the number of tests performed with tihat particular 
system checking unit installed. However, on screwing the connector completely 
home, the foil is ruptured, such diat subsequent disconnection and reconnection 
of the system checking unit will not remake the contacts 44, and the clock coimt 
cannot therefore be reset to zero using fliat system checking unit connector. In 
this way, it is impossible for the operator to attempt to use each system checking 
unit beyond the recommended number of times by attempting to reconnect it 
anew after e3q>iry. 

Fig. 4B shows a simple optical interface, which operates in a similar way 
to the electrical interfece shown in Fig. 4A. The trigger signal 58 to commence 
counting is given by means of the reflection of a light signal transmitted from a 
source 50 such as a LED, located in tfie breath tester flange of the interface 
connector, off a reflective surface such as a metallic foil 52 located in the 
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calibrator flange of Ae connector, and back to a detector 54 located on the breatii 
tester side. Re-use of the system checking unit after expiry is prevented by a 
mechanism designed to degrade the reflective properties of the cahbrator 
coimector surface so that after first connection, the unit no longer delivers the 
required signal if reconnected. In the embodiment shown in Fig. 4B, a projection 
or pin 56, which tears the reflective foil, fiilfills this function. Mechanisms 
similar to tfiose described in Figs. 4A and 4B can be proposed using magnetic or 
mechanical interfaces for ensuring that tiie system checking unit can only be 
connected once to the breath test unit in an unused state. 
^ Fig. 4G now shows block diagrams of methods of interfacing an electronic 

interface, wdiich incorporates an active semiconductor integrated circuit on the 
^ system checking unit. A storage device such as a commercially available smart 

card can be used, to allow an identification of a specific calibration checking unit 
through appropriate conununication. The same storage device could also be used 
%i to store information relevant to the calibration checking process such as 

i instrument serial number, calibration date, number of performed tests. The 
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5 storage of the faistrument number could be used to prevent the storage device 

from being mistakenly used with another instrument, whose caUbration had not 
been checked. 

The IC can function in a number of alternative modes. According to one 
preferred embodiment, shown in Fig. 4C (ii), the count of the number of tests 
performed by the particular cahbrator is performed and stored in the IC itself; by 
means of routines well known in the art. According to another preferred 
embodiment shown in Fig. 4C (i), the IC does not play any part in flie counting 
procedure, but simply has a code, which is unique to the particular calibrator unit 
to which it is attached. On first connection to a breath tester, this code is 
interrogated, and is stored in the count register of the breath tester. So long as the 
permitted number of tests with fliat particular code number has not been 
exceeded, the breath tester allows another test to be performed. - 

Conununication between tiie IC in the system checking unit and die breath 
tester can be achieved either by a multipin coimector, which is engaged when the 
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calibrator unit is attached to the breath tester, or by means of a radio link, or by 
any other suitable connection means, hi the case of a radio link, there is no need 
to me a special flange on the system checking nnit and breath tester. 

The above embodiments have been described in terms of an interface 
designed to commence a count of flie number of breafli tests that can be 
performed after each new system checking unit has been used. According to yet 
fijTther embodiments of the present invention, the interface flange can be 
constructed to provide an interface between the filter unit and the controller 
circuit, such that the filter unit is the element which actuates the count as to flie 
specified number of breath tests permissible before stopping operation of the 
tester until filter replacement is made. The design of the flange could then be 
I identical to diat shown m Figs. 4A and 4B, except tiiat the circuit closing 

elements are associated wifli die filter unit 

According to yet anbdier preferred embodiment, the filter unit can be 
constructed to provide a wammg signal to the controller circuit through the 
1 interface flange, such as is described above, if the absorbed fluid rises to a level 

1 above which the filter no longer operates satisfiictoiily, or if the moisture 

S absorber becomes saturated, even before the permitted number of breath tests has 

been performed with it. In this way, the filter function is doubly protected, both 
in terms of firequency of replacement, and in terms of efficacy. . 

Reference is now made to Fig. 5, which illustrates schematically a system 
checking fluid filter device 65, constructed and operative according to another 
preferred embodiment of the present invention. According to this embodiment, 
the filter unit is of low cos^ simple construction, such that it is intended to be an 
built-in part of the sampling tube 62, and is, dierefore, disposable like a regular 
sampling tube, hi Fig. 5, the filter is a section 60 of the sampling tube, designed 
to dry the gas by absorbing moisture, such as by coating the inside walls 61, or 
partially filling the volume, wifli a water absorbent material such as silica gel. hi 
this respecC the "filler" ddes-oot fiilfill the generally accepted -fimctions of 
removing bulk moisture, and should thus strictly be called a dryer and not a 
filter. For every new breadi test, a new sample Une wiA diyer section is used. 
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being connected to the system checking unit by means of a connection 27. The 
electronic interface for preventing operation of the instrument is tfien operative 
only from the system checking unit. As in the previous embodiments described, 
the system checking unit 22, is preferably interfaced with the breath tester 21 by 
means of a "smarf* connector 24, which allows control of the number of breath 
tests performed with (each system checking imit 

If a capnographic measurement is to be made of the breatii exhaled by the 
patient, it is important that the waveform of the breath be maintained in passage 
through the filter unit, to ensure an accurate capnographic measurement The 
preferred embodiment shown in Fig. 5 fulfills this reqmrement, since the gas flow 
down the sample tube flows in a smootii laminar manner without any significant 
obstractions or perturbations, and without any pockets or comers of void volume 
which could disturb the waveform. 

Altematively and preferably, any of tiie true fluid filtering devices 
described in U.S. Patent No. 5,657,750 could also be used for this purpose. The 
filters disclosed herein are constructed so as to avoid significant disturbance to 
the waveforai. Fig. 6 illustrates a sampling filter line 63 whose filter section 64 is 
preferably of the type disclosed in U.S. Patent No. 5,657,750. The sampling filter 
line is attached to the system checking unit by means of the flange 27. 

According to another preferred embodiment of the present invention, the 
filter unit can be constructed with a color marker which changes color when the 
filter is saturated, thus providmg the user witii visible warning that the filter 
should be replaced, even before ttie permitted number of breatih tests has been 
perfomied with it, and the instrument inter&ce would prohibit its fiirther use- 
Reference is now made to Figs. 7 and Figs. 8A and 8B, which show 
cut-away schematic diagrams of system checking units, constructed and operative 
according to preferred embodiments of tfie present invention. The system 
checking units incorporate one or more containers of a premixed calibration 
checking gas, and can be used in any of flie system checldiijg devices described 
in the previous embodiments, regardless of which filter configuration is used. 
With one exception, the system checking units are in interactive control contact 
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with flie gas analyzer control system, such that Aey either cannot be used without 
transmitting a start signal to the control system of the gas analyzer, or th^ 
themselves are actuated by means of a control signal received from the gas 
analyzer control. The one exception is the embodiment -wdierein detection of the 
caUbration checking gas itself by the gas analyzer provides the start signal for the 
counting or timing process for use of fliat particular calibration checking device. 
It is understood that the embodiments shown in Figs. 7 and Figs. 8A and 8B are 
schematic only, and serve only to illustrate the operational method. In practice, 
the shape, dead volume, method of gas release and otiier details are suited to the 

_ gas containers used, such as is described hereinbelow in the embodiments shown 

O . 

^ in connection wifli Figs. 15 to 18. 

HI . 

^ The operation of the system checking units is described for use with a 

brea^ test for tihie detection of changes in the level of "CO2 in Ae patient's 
breafli, after ingestion of a '^C-labeled substrate. It is to be understood, however, 
U that tiie units can be equally well appUed for use in breath tests with other 

£ isotopically replaced atoms, such as nitrogen- 15 and oxygen- 18. 

^ In the embodiment shown in Fig. 7, the system checking unit housing 70 

3 incorporates a glass ampoule 72 containing flie system checking gas, tiiough it 

could be provided in any form of contamer capable of being hermetically sealed 
yet easily opened on demand, such as a metallic cylinder with a foil seal or a 
depressable check valve. The system checking unit is connected through a narrow 
bore tube 84 by means of a T-comiector 86 into tiie sampling line 78, which is 
connected to the breath tester preferably by means of an interface connector 76, 
such as tiiose described in relation to Figs. 4A to 4C. hi the preferred 
embodiment shown, a phmger 82 is incorporated in the wall of the system 
checking unit housmg 70, such that vAtea die plunger is depressed, the ampoule 
is broken and the system checking gas mixture released. Though shown otherwise 
for clarity, the system checking unit housing 70 and the glass ampoule 72 should 
be constructed iii isuch a way as ;tp leave a rninimum of dead space between tfarai^ 
to avoid diluting the released caUbration checking gas with residual gas in Has 
dead space. 
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The long nairow bore tube 84 now acts as a flow restrictor to prevent Ae 
calibration checking gas from being released too rapidly into the sampling line 
78. This ensures that no overpressure effects are produced in ihe sampling line. 
An overpressure may overcome the effect of the system vacuum pump located in 
the breath tester, and allow some of the calibration checking gas to escape from 
tiiie system towards the patient's end of the sampliug Une. Furthermore, the 
deliveiy of the cahbration checking gas in sidestream fashion to the sampling line 
via a T-connector avoids any significant disturbance to the breath waveform, 
since tiie small entry hole and the long narrow bore connection tube do not 
present any appreciable perturbation or void volume to flie sample gas flow. This 
is very important for use with any instnunent in which capnographic 
5 measurements must be made, in order to avoid damage to die waveform of the 

Hi 

Sa breath. 

J Alternative and preferable methods of releasing tiie calibration checking 

a gas include solenoid plungers electrically operated on demand by the breath 

£ tester calibration checking program, or mechanical needles or projections 

J incorporated into the breath tester input flange, which cause mechanical breakage 

3 of the gas container seal or depression of a check valve on the calibration gas 

cylinder as the system checking unit flange is screwed home onto the breafli 
tester flange. Preferred examples are described hereinbelow, and provide more 
specific details of the schematic examples outlined hereinabove. The operating 
mechanism of any gas release device not actuated by the control system of the 
gas analyzer, can be constructed to send its own "calibration check starf ' control 
signal when actuated, to tiie gas analyze. 

When tiie time comes to pwforni a system check, a new system 
checking unit, with or without a filter unit attached, is connected to the breafli 
tester. No subject should be connected to the sample tube, since natural air firom 
the environment is required for tiie system cheddng procedure. The calibration 
check gas Is relcased, withd: by operation of the plunger, or by another of the 
metiiods mentioned above, or by any other suitable method, and the calibration 
checking gas allowed to mix with the incoming stream of ambioit air, and to 
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enter Ae breath tester. 

The ampoule contains a known volume of CO2 such fliat, wifli the flow 
rate ingested by fiie breath tester, the final percentage of CO2 in the ingested gas 
is of flie order of 5%, which is just above the chosen concentration of operation 
of the gas analyzer. This level can be achieved, for instance, by defining the 
volume of gas in the an^)oule such that when diluted by the known flow rate of 
the instrument, the correct concentration is achieved, or by means of an 
intermediate chamber system, such as that described in the above-mentioned PCT 
Publication No. WO 99/14576. Since the volume of the intermediate cell 
described in PCT Publication No. WO 99/14576 is of the order of 300ml., then 
the ampoule should have a volume of the order of 15 ml of 100% CO2 at 
^ atmospheric pressure, to ensure that a 5% CO2 intermediate cell concentration is 

SI reached. If a typical flow rate of 250 ml/min. is ingested, the chamber should be 

^ full of gas Ttady for the measurement in a little over 1 minute. 

!^ It should be emphasized here that it is not necessary to achieve the exact 

£ target '^COa concentration level for performing a system check. The important 

^ factor for achieving accurate calibration is the isotope ratio present in the gas. 

O This is why it is possible to use a small ampoule of calibration checking gas for 

dilution with the ambient flow, instead of requiring a monitored flow of 
accurately diluted gas fi"om the ampoule alone. 

The carbon dioxide calibration gas used contains a small added volume of 
"CO2 above the level of the ambient air. This added volume is calculated to be 
sufficient to cause the isotopic ratio of *^C02 in the carbon dioxide entering the 
breaA tester to show a slight increase over that expected from a patient showing 
a negative response to tiie breath test Typically, a value of 55 is used for the 
calibration check procedure, where 5 is 10 parts per million. A value of 58 
cables a clear calibration check to be made, yet at a level close to the typical 
detection levels demanded of the breath tester in normal use. 

The system check is performed by tiie iise of a strcam of flowing ambient 
air, which generally contains no more than 1000 ppm of ^^COj and 10 ppm of 
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*^C02, to which is added a small volume of the calibrating gas at its full 
concentration level. As an alternative, an ampoule full of ready mixed calibration 
checking gas at the correct dilution could be used, containing a sufficiently higji 
volxune of gas to fill the complete system. This, however, would make the system 
check more costly, and would also result in a sudden msh of gas into the system 
as such a large volume of gas is released, which would make it difficult to 
operate at ambient pressure, without allowing the overpressure to dissipate, thus 
requiring an even larger volume of calibration checking gas. Furfliermore, a 
container with 300 ml of gas, even if somewhat conqjressed, would occupy 
valuable space in such an instrument, compared wifli a 9 nd sample. 

Fig. 8 A now shows an additional preferred embodiment for perfomiing flie 
instrument system check, in fliat flie system checking unit housing 90 
incorporates two ampoules 92, 94 of calibration checking gas. In the first 
ampoule 92 is contained a quantity of natural carbon dioxide, whose volume is 
such that its release into the flow of air through the system will result in the 
predetermined percentage of CO2 for the measurement system to operate 
optimally. The level of *^C02 contained is that of the sample used, and the release 
of the gas from inside the ampoule, such as by operation of the first plunger 96, 
or by any of the methods described hereinabove, enables a system check of tiie 
base line of the measurements, against which all future measurements are made. 
The second ampoule 94 contains natural carbon dioxide calibration checking gas 
containing a small added volume of "CO2 in comparison to the gas in the first 
ampoule 92. This additional volume is sufficient to cause the percentage of ^^COa 
in the carbon dioxide entering the breath tester to be slightly higher flian fliat of 
the baseline, which contains ^^CCb at a typically naturally occurring level. 
Typically, a value of 205 is used. Once tiie baseline system check has been 
performed, the second ampoule 94 is opened by means of plunger 98, and a 
system check at the pre-chosen 208 level is performed This embodiment 
therefore allows the measurement span of the breath tester to be correctly 
calibrated, in addition to the point system check performed in the single ampoule 
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embodiment. In use. the frequency of peifonnance of a system check, will be 
detennined by local conditions of use of the instrument. 

Fig. 8B is a schematic drawing of an embodiment similar to that of Fig. 
8A except that the gases from the two ampoules are preferably conveyed to the 
sampling line 78 in separate tubes 97. 99. in order to avoid any mixing of residual 
gas remaining from the first ampoule 92, when the second ampoule 94 is broken. 
Such mixing could interfere witii an accurate calibration. 

For use in the complete system checking device of the present invention, 

the system checking unit described in this embodiment may be combined wifli 

° any of flie interfaces or moUture filters described in the previously mentioned 

^ embodiments brought hereinabove. 

Reference is now made to Figs. 9A and 9B, which illustrate schematically 

the operational concepts which are the basis of the system checking methods 
f according to fiuther embodiments ofthe present invention. Fig. 9A schematically 

° shows a representation of a source of calibrating gas 132, shown for the preferred 

^ example of a carbon dioxide breath test, connected by means of a tube 130 to the 

interface connector 76, where the gas is input to the breaA tester. The source 
132, can preferentially be eitfier one or more containers of caUbrating gas with 
known concentrations and isotopic ratios, or a system checking device as 
described hereinbelow, capable of generating samples of calibrating gas of 
known concentration and isotopic ratio from a reservoir, or alternatively, even an 
accumulated sample of the breaths taken from subjects either before ingestion of 
the isotopic labeled substrate, or from subjects whose breath tests show them to 
be negative, or alternatively, an accumulated sample of breath from a single 
subject showing a positive result of his breath test. In all of these cases, the 
breafli tester checking system is operative to take the sample of gas, and to dilute 
it down by means of the intermediate chamber system in the breath tester, into a 
number of different samples, each of different concentration, but wifli the same 
isotopic ratioT since each sample originated from ttie same7 siiigle, caUbiation 
sample of higher concentration. The isotopic ratio of each of fliesc samples is 
then measured in the breath tester. Fig. 9B shows a schematic graph of results 
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typically obtained from such a series of dilutions and measurements. The change 
in isotopic ratio from the average value, marked as A5 = 0, shows a small ±38 
cyclic variation about the average value. Though ideally, a straight line at the 
average value should be obtained, the realities of experimental and measurement 
noise are such that the typical result shown in Fig. 9B is acceptable as the output 
of a reasonably weU caUbrated instrument If the curve in Fig. 9B were to show a 
monotonic dependence on CO2 concentration, tbis would be symptomatic of a 
systematic calibration error in the instrument, probably arising from a shift in the 
absoiption curve parameters used to convert luminous transmission into gas 
Q concentration. 

j| According to more preferred embodiments of the present invention, the 

j| breadi tester is capable of performing an independent system check of all of its 

major functions, including a system caUbration check, vMch is performed by 
means of a pseudo-breath test on samples of calibrating gas. The pseudo-breath 
h test is accomplished using a breath simulator device, which generates a breath 

□ sample with its major characteristics similar to Aose e3q>ected in the normal 

g operation of a real breath test. The characteristics which the device simulates are: 

S (a) flow rate, 

(b) maximum and minimum levels of total CO2 concentration, 

(c) *^C02/^^C02 ratio, and 

(d) respiration rate. 

The order of magnitude of the values of these parameters of the samples 
which the breath simulator should preferentially provide are: 

(a) Approximately 250 ml/min. 

(b) Samples of approximately 0 and 5% CO2. 

(c) Samples with a ratio typical of breaths tested, and with a 55 deviation 
tiiierefroHL 

(d) Approximately 15 min■^ 

Several methods of generating and using such a calibrating gas flow 
device have been mentioned hereinabove. One of the most convenient devices. 
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according to a further preferred embodiment of the present invention, utilizes a 
tube of porous material which behaves as a diflEusive membrane. Because of the 
small size of the porous holes, O.Spm or less, there is very little bulk mechanical 
flow of gas through the wall, but gases, including CO2 can pass through with a 
relatively high difiiision rate. As an alternative to the non-selective diffusive 
membrane, a selective membrane with a prefeired rate of penetration of carbon 
dioxide can also be preferably used. One example of such a material is RTV 
silicone, which has a diffusion rate for carbon dioxide about 8 times higher than 
for nitrogen, though a much small difference in the diffusion rate for the "CO2 
and '^C02, commensurate with die differences in their molecular weights. An 
advantage of the use of a selective membrane over a porous tube is the 
comparative lack of interfwence from the reverse diffusion of air, compared with 
carbon dioxide. 

It should be understood that Aough these preferred embodiments are 
described in terms of diffusion of isotopes of carbon dioxide, they are equally 
appUcable to preferential diffusion of any gaseous isotopic cleavage product 
which appears in the exhaled breath of a patient. Each gas breath tested will in 
general require its own different porous material, to provide a suitable diffusion 
ratio for the gases to be measured. 

Reference is now made to Fig. 10, which schematically shows a preferred 
embodhnent of such a porous tube device. The gases flow through the tube firom 
one end 150 to the other 152. The wall material 154 is made of a porous material 
chosen such that the gases flowing within, including carbon dioxide, undergo 
diffusion 156 out through the walL If Ae wall material is a selective membrane, 
then the carbon dioxide diffuses Ihrougji it at a significantly higher rate dian other 
gases. If it is a diffusive membrane, the carbon dioxide diffuses through it at a 
rate, not very different from that of other gases of simUar molecular weight, such 
as oxygen and nitrogen. Whichever embodiment is used, the wall thickness of the 
porous sectioii, its leigttand the flbw^fate of gasthrough-i^^^ 
and preferentiaUy chosen such that in passage down the porous section, the 
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desired proportion of the carbon dioxide content difiuses out 

However, because of the different molecular weights of ^^COj and ^^COa , 
the ^^COz diffuses out more slowly than ^^C02 and Ae result is a small 
enrichment of the '^C02 level in the gas after its passage through the porous tube. 
The diffusion constant is inversely proportional to the square root of flxe 
moleciilar weight, M, of the diffusing molecule. By means of mass diffusion 
calculations, it can be shown that the relative change AR in the isotopic ratio R of 
^^C02 to ^^C02 in passage of the gas down such a porous tube is given by a 
functional expression of the general form: 

AR = 1000*(R,^,-Ri„)/RiB = 

f { A0^CO2),(^'CO2)in ,D(^^C02)/DO^C02) ) 

where : 

Rin = isotopic ratio at input to tube 

Rout - isotopic ratio at output of tube 

D(*^C02) = diffusion coefficient of ^^C02 a VmC^^COj) 

D(*^C02)= diffusion coefficient of *^C02 ct Vm^^CC^) 

A(*^C02) = change in percentage of *^C02 in passage down flie tube, and 

0^CO2)ia = percentage of ^^C02 at the tube input 

Reference is now made to Fig. 1 1, which shows a graph of experimental 
results of the change in isotopic ratio obtained in the passage of carbon dioxide 
down a porous tube, according to preferred embodiments of the present 
invention, as a function of A(^^C02) and of the length of the tube used. The tube 
is preferably constructed of a polypropylene material and has an inner diameter 
of 1.4mm, an outer diameter of 2.2mm, and an average pore size of 0,37 |im. The 
flow rate of gas is approximately 250 ml/min. The abscissa of the graph dqpicts 
A(*^C02), &e change in percentage of ^^C02 in passage down the tube, and flie 
ordinate is AR, the resulting fractional isotopic inorease in the ratio of *^C02 in 
the gas afterpass£^e through the porous tube. The results are plotted -for the 
situation which results in a 5% concentration at the outlet. The length, L, of 
porous tube used is mariced beside each point obtained. 
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As an example of the use of this graph in tiie selection and operation of 
such a porous fiher, in order to obtain a 5% concentration CO2 sample flow with 
a ^^C02 isotopic ratio decrease of approximately S x 10*^ i.e. 55, the input 
concentration of carbon dioxide must be approximately 18%, and flie length of 
tube used approximately SOram. This change of 55 in the level of ^"^€02 , is close 
to the lower limit of detected level changes which enable a positive diagnosis to 
be made using the breadi tester. A tube of such dimensions is thus suitable for 
use in supplying a sample of gas, of known concentration and flow rate, and with 
a known isotopic ratio change, close to practically detected threshold level 
^ changes, for use as a calibrating element 

^ Though the embodiment shown in Fig. 10 is inexpensive to construct and 

! ^ simple to operate, the presence of ambient air at the outer wall of the porous tube 

N 

0^ results in one disadvantage in its operation. Because of the likely lack of positive 

W 

s ventilation around the tube, there may be an accumulated carbon dioxide content 

. - 

^ in the air aroimd the tube, thus creating a different carbon dioxide gradient across 

^ the tube wall and a change in the rates of difRision of the isotopic gases 

^ outwards. This will thus cause a change in the calibration factor of the tube. 

Reference is thus now made to Fig. 12, which schematically illustrates an 
altemative and preferred embodiment of the porous tube device according to the 
present invention, wherein the above-mentioned problem is overcome and the 
rates of di£fdsion are more closely controlled. This embodiment is known as the 
double-stream porous tube calibrator. The porous tube 160 is enclosed within an 
outer housing 162, through which air flows, from the outer housing input 164 to 
the outer housing output 166« A steady air flow is maintained by means of a 
vacuum pump 174. The air flow must be sufficient to avoid the generation of an 
appreciable carbon dioxide gradient across the wall, which would affect the 
difiEiision rate of carbon dioxide through it. A flow of carbon dioxide, as in the 
embodiment of Fig. 10, passes through the porous tube, from its entrance 170 to 
its exit 172: The carbon dioxide preferentially originates from a gas source witb 
20% carbon dioxide, and a flow restrictor 176 determines the flow rate. 
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In use, carbon dioxide from the porous tube 160 diffuses out through the 
tube wall and into the inside volume of the outer housing, from where it is 
removed by die flowing air. The quantity of carbon dioxide diffusing out is 
determined, as in the simple embodiment shown in Fig. 10, by the tube 
dimensions and die pore sizes. After its passage through the porous tube, the 
^^C02 enriched gas flow is used as the calibration checking gas of known 
concentration, flow rate and amended isotopic ratio, thereby simulating a real 
breath test sample. The advantage of diis embodiment over the simpler 
embodiment shown in Fig. 10 is that the rate of diffusion across the porous tube 

e wall is now independent of environmental conditions, since both sides of the wall 

ij\ have known and controlled conditions. 

{ti Reference is now made to Figs. 13 and 14 which schematically show the 

^ porous tube devices depicted m Figs. 10 and 12 respectively, incorporated, 

P according to preferred embodiments of the present invention, into flow systems 

O with dynamic isotopic ratio control, for supplying the breath tester with 

a calibration gas samples. In both of the embodiments shown, the carbon dioxide is 

Q suppUed in containers filled with 100% carbon dioTcide, and at a pressure of up to 

5 bar. The use of 100% carbon dioxide enables the smallest feasible volume of 
gas container to be used, thereby increasing user convenience. 

In Fig. 13, the carbon dioxide is input to the flow system through a 
T-piece 180, to the third arm of which is connected an inflatable bladder 182. 
The frmction of this bladder is to regulate the flow of the carbon dioxide into die 
system when the cylinder or container, typically pressurized at 5 bar, is 
connected. The initial input flow of higiher pressure gas inflates the bladder, 
which then slowly deflates as it drives the gas gradually into the flow system. In 
addition to die effect of the e^qpanded bladder, die breath tester itself is fitted widi 
a vacuum pump which provides suction for inputting the gas samples. The carbon 
dioxide then reaches a switchable solenoid valve 184, which directs die carbon 
dioxide either into the upper arm via a flow restrictor 186 to the porous tube 188, 
or into the lower arm, known as the by-pass arm, also through a flow restrictor 
190. Before it enters the porous tube 188, the carbon dioxide content of the gas in 
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the porous tube aim is diluted by means of air, input into that aim through a 
variable flow restrictor 192. This air is prefeientially obtained from the line used 
for inputting the breath samples, since air drawn in through that line undergoes a 
drying process by means of a fluid filter located in the line. Means are provided 
for sensing when a nasal cannula is attached to the input connector, and disabling 
the calibration procedure, to ensure that the porous tube calibrating device is not 
actuated when a patient is connected to the instrument, since in that situation, the 
patient's breath rather than air may be ingested. 

The single flow porous tube device is able to provide an isotopic 
G divergence as high as 58 only if the concentration drop through it is limited to 

m about 25%. Consequently, in order to achieve 5% concentration at the ou^ut, the 

pj carbon dioxide concentration must be reduced before entry into the porous tube 

device to approximately 20%. The flow restrictor 192 is adjusted to provide the 
exact concentration of carbon dioxide needed at the input to the porous tube 188. 
By selection of the correct type of porous tube, Ae gas, after passage through it, 
contains 5% carbon dioxide with a 55 isotopic ratio deviation from the reservoir 
Q gas. This calibrating sample is then routed through an output solenoid valve 194, 

for entry into the breath tester during the cialibration procedure. 

Gas directed by the solenoid valve 184 into the by-pass branch, passes 
through the flow restrictor 190, and is then diluted down to 5% concentration by 
means of air which is admitted through an adjustable restrictor 196. Since the gas 
in the by-pass arm does not undergo any preferential difEiisive process, the 
isotopic ratio remains unchanged, and AR = 0. The switchable solenoid valve 
194, in its alternate position, routes this gas sample to the breath tester for use in 
the calibrating procedure. 

The flow rate of the gas mixtures is preferably maintained at 250ml/min, 
as ^ically used by the breafli tester. For die 55 sample from the porous tube 
branch, tiie settings of flow restrictors 186 and 192 jointiy maintain this desired 
flow rate, wiA 50 ml/min carhon dioxide flow, and 200 ml/min. air flow. For the 
zero AR sample in the by-pass arm, this desired flow rate is determined by the 
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settings of flow restrictors 190 and 196, witti 12.5 ml/min carbon dioxide flow, 
and 237.5 ml/min air flow. 

The flow system shown in Fig. 14 is operationally similar to that shown in 
Fig, 13, except tiiat a double stream porous tube device 198, such as that in Fig. 
12 is used instead of the single flow porous tube of Fig. 10. Components of Fig. 
14 with functions identical to those of Fig. 13, are identically labeled. The flow 
rate of the flushing air in the outer housing of the double stream porous tube 
device 198 is set at the preferable desired level of more than 750 ml/min by 
means of the flow restrictor 191. A solenoid valve 193 is located before ihc exit 
from the device to the vacuum pump 195, in order to isolate die device from the 



^ pump action except when a calibration is required. 

^ Reference is now made to Fig. 15 which schematically illustrates a 

H 

yi preferred embodiment for Hie mechanical incorporation of a single^flow porous 

IT! 

tube device for die execution of the service or operator calibration check 
procedure in a breadi test instrument 210. During normal clinical use, the 
patient*s breath samples are collected, preferentially by means of a nasal cannula 
212, and conveyed by means of a sample tube 214 and via a fluid filter 215, for 
removal of excessive moisture and fluids, to the input connector 216 of the breath 
tester. Alternatively and preferably, an additional fluid filter 217 can be installed 
inside the instrument in the line conveying the breath sample gas from the input 
connector ultimately to the gas analyzing system 222. The typical breath 
collection system provides samples with a flow rate of 250 ml/min, and at a 
pressure of 50mbar below ambient pressure, generated by means of a vacumn 
pump incorporated into the gas analysis system 222. During normal use for 
breath analysis, these breath samples are routed to the gas analyzer system 222 
via the input capnographic sensor 220, by means of a switchable solenoid 218. 

Disposed in the front panel of tiie breatii tester is a calibration input 
connector, preferably in the form of an iatemally threaded port 224, adapted to 
receive tiie extemally threaded calibration ga$ housing-226. -According to one 
preferred embodiment of this calibration gas unit, the calibration gas is contained 
in a glass ampoule 228 disposed widiin the housing. The ampoule preferably 
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contains 100% caibon dioxide at a pressure of up to 5 bar, as explained 
hereinabove. The total voliune of calibration checking gas required is 40ml at 
STP, which is equivalent to 8ml at the ampoule pressure of S bar. As a result, tiie 
gas calibration checking unit is of a convenientiy small size. This drawing of the 
ampoule and its housing shows in more detail the general concept first shown in 
Fig. 7. 

According to another preferred embodiment of the present invention, as 
the calibration checking gas housing is inserted, a sensor mechanism 230 in the 
receiving housing detects the presence of the calibration checking gas unit» and 
transmits a signal 232 to the breath tester control system to enable the calibration 
checking procedure system. The sensor can preferably be a microswitch, an 
optical or capacitive sensor^ or any other suitable detection device. Alternatively 
and preferably, the calibration checking procedure may be initiated by means of 
an operator command from the instrument control panel. 

When the calibration checking gas housing is screwed home, an internal 
gas tight enclosure is formed by means of an O-ring 234, and &e calibration 
checking gas flows into this enclosm"e when the neck of the ampoule is broken to 
release the calibration checking gas. The gas tight enclosure is preferably 
constructed to leave a minimum of dead space around the ampoule neck, so that 
the ampoidar contents are not unduly diluted by residual gas within the gas-tight 
enclosure. In the preferred embodiment shown, the ampoule is broken by means 
of a solenoid operated electro-mechanical mechanism 236 actuated by a signal 
238 provided by the breath tester when the calibration procediure is invoked. The 
ampoule may also be broken automatically by mechanical or otiier means. In the 
embodiment shown in Fig. IS, in addition or as a preferred alternative to the 
solenoid operated mechanism 236, an automatic breakage mechanism is shown in 
the form of a mechanical stop 240, which breaks the glass neck of the ampoule 
when the calibration checking gas housing is shewed right home. 

An internal tube 242 conveys the calibration checking gas firom^'the gas 
tight housing to a porous tube flow system 244. The porous tube flow system is 
preferentially of the type depicted in Fig. 13, though a type such as that depicted 
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in Fig. 14, or any other equivalenfly functioning type could equally and 
preferentially be used. The calibration checking gas samples from the porous tube 
flow system are conveyed to the switchable solenoid valve 218. When a 
calibration checking procedure is enabled by the breath tester control system, die 
solenoid valve 218 is switched so that the breath tester inputs the calibrating gas 
sample^ instead of the patient's breath samples. 

Reference is now made to Fig. 16 which schematically illustrates another 
preferred embodiment for the calibration checking gas unit, in which the gas is 
contained in a metallic housing 245, with a narrow neck for insertion into the 
^ calibration checking input connector 249 on the breadi tester front panel, in a 

m similar manner to die glass ampoule embodiment shown in Fig. 15. This neck is 

nJ closed by means of a tiiin metallic foil 246, preferably of copper or aluminum. 
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hermetically sealed to the metallic housing. The foil is backed with a mbber plate 
247. A hollow needle 248 is fixed rigidly in the center of the calibration checking 
^ input connector 249, and protrudes therefrom in such a way that, when the 

Q calibration checking gas unit is inserted into die connector housing, the needle 

S pierces the rubber plate and the thin metallic foil, so allowing the calibration 



checking gas to flow through the needle into the breath tester. The narrow bore of 
the needle acts as a flow restrictor to the calibration checking gas as it flows into 
the inflatable bag and from there into the porous tube flow system. The gas in the 
metallic housing is preferably pressurized at 5 bar. The rubber backing plate 247 
is operative to provide a hermetic seal between the punctured metaUic foil and 
the needle, so that small movements of the gas calibration checking unit when 
connected, will not cause leakage of the calibration checking gas during the 
calibration checking procedure. 

The embodiment shown in Fig. 16, being made completely of metal, is 
able to contain the calibration checking gas without leakage for long p^ods, 
providing the calibration checking unit with a long shelf life, typically two years 
or more. It has an advantage over die glass ampoule embodiment of Fig;- -15, in 
diat no glass fragments are produced on use, these being inconvenient, liable to 
cause injury or damage, or improper connection of the next calibration checking 
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unit if not properly removed. 

Reference is now made to Fig. 17 which schematically illustrates yet 
another prefeired embodiment for die calibration checking gas holder, in which 
the gas is contained in a metalized plastic bag 250. The neck of the bag 252 is 
similar to that shown in the metallic housing embodiment of Fig. 16, and the bag 
is connected by means of a similar needle-'equipped calibration checking gas 
input connector 249. 

Reference is now made to Fig. 18A which schematically illustrates 
another preferred embodiment for the calibration checking gas holder, in which 
p use is made of an aerosol type of container 260 for supplying the calibration 

m checking gas 261. In use, flie container screws into a threaded calibration 

^ checking input connector 249, £rom whose center preferably protrudes a conical 
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projection 270, with a narrow gas passage 268 opening into die center of the 



^ cone, for conveying the calibration checking gas into the instrument The gas is 

O held heimefically in the container by means of an aerosol valve assembly, 

=p ■ 

Q consisting of a valve stem 264, a valve seat 266^ and a valve head 262. The valve 

g seat 266 must provide a leak-free seal with the valve head 262, either by use of a 

^ layer of properly compliant material, or by the use of an O-ring seal. 

Fig. 18B shows how, as the container is iscrewed home into the input 
connector 249, the cone 270 mates wifli a matching cone in the plunger head 264, 
and pushes the check valve assembly inwards, diereby allowing the calibration 
checking check gas to flow fhrougfh the check valve from the container into the 
gas passage 268. The matching cones ensure that none of the gas is lost. 

Reference is now made to Fig. 18C, which shows a schematic drawing of 
a furdier preferred embodiment for the interfacing of the calibration checking gas 
container with the input connector, known as tiie Filterline Recognition System, 
or FRS. This system includes an electro-optical recognition unit, operative to 
detect correct placement of the gas container before allowing the calibration 
checking gas to be released. Gonfiimatipn of tfaercpirect position also elinainates ~ 
the possibility of leaks of the calibration checking gas. In addition, the system 
can also preferably check the identity of die calibration checking gas, and other 
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data such as the serial number of the container or the filling date, to determine its 
shelf age. 

In Fig. 18C is shown a container 280 of caUbration checking gas, which is 
inserted into position in the input connector 282 by means of a pushing action, 
instead of the screwing action illustrated in Figs. 18A and 18B. The insertion is 
preferably performed either manually, or by means of a manually operated 
mechanism. On the neck of the container is located a reflective label 284, which 
can be a simple optical reflector, or can contain coded information about the 
contents, type or age of tiie gas container. A photoelectric module 286 is mounted 
P in the neck of the input connector. This module consists of a photodiode emitter 

^2 and a photodetector mounted in close proximity to each other, such modules 

«P being well known in the art. The valve in the neck of die contamer is preferably 

ry - 

M of the same type as that shown in Figs. 18A and 18B. 

.5 When the gas container is located correctly in position to allow proper and 

^ leak-free flow of calibration checking gas into the input connector, optical 

£ radiation from the photoemitter is reflected back from the label 284 into the 

=P photodetector part of the module, thereby providing an enabling signal for the 

p calibration check procedure to commence. According to further preferred 

embodiments, the photelectric module can be of a type able to read the 
information on the label for inputting to the breath tester control system. 

This FRS system is an additional embodiment of the invention disclosed 
and claimed in U.S. Patent Application No. 08/961,013, entitled **Fluid Analyzer 
with Tube Verifiei**, by some of die inventors of the present application. 

Reference is now made to Figs. 19A to 19C, v^ch schematically show 
the operational stages by which a calibration check procedure is performed in die 
calibration check system shown in Fig. 15. The requirements of the gas samples 
generated by the calibration device are diat they simulate real patient breaths. 
Three different types of such samples of gas are required for a complete 
caUbration procediire, as designated below. For each of the types of gas, a 150ml 
sample is required by the gas analyzer. 

(a) 0% carbon dioxide, representing the inhalation stage of die patient's 
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breath. The generation of this sample is illustrated schranatically in Fig. 19A. 

(b) 5% carbon dioxide with no isotopic ratio deviation (05), representing the 
exhalation stage of a patient's breath before ingestion of the labeled substrate (or 
of a patient showing a negative result). The generation of this sample is 
illustrated schematically in Fig. 19B. 

(c) 5% carbon dioxide with 55 isotopic ratio deviation, representing the 
exhalation stage of a patient's breath showing a raised level. The generation of 
this sample is illustrated schematically in Fig. 19C. 

In Fig. 19A, solenoid valves 184 and 194 are switched such that only gas 

□ from the air inlet 197 in the by-pass path is used in gienerating the calibraticm 
sample. The sample thus has the characteristics: 0% CO2. AR = 0. 

In Fig. 19B, solenoid valves 184 and 194 are switched such tiiat undiluted 
^ carbon dioxide from the by-pass path is used in generating the calibration sanq>le. 

® The sample thxis has the characteristics: 5% CO2, AR = 0. 

O In Fig. 19C, solenoid valves 184 and 194 are switched such that only 

as: 

□ diluted carbon dioxide with an amended isotopic ratio which comes from the padi 
5 contaming the porous tube 188, is used m generating the calibration sample. The 
^ sample thus has the characteristics: 5%C02, AR = 58. 

The rate of switching of the solenoid 184 simulates the "respiration rate" 
of the calibration pseudo-breath samples. 

The total reservoir requirement for the calibration gas can be calculated 
from the three calibration gas samples mentioned above. 

Sample (a) contains no carbon dioxide calibration gas at all. 

Sample (b) uses 150 ml. of gas, of which 5% is carbon dioxide. 
Requirement is thus 7.5nil. 

Sample (c) uses 150 ml. of gas, of which 20% is carbon dioxide (since the 
input gas to the porous tube contams 20% CO2). Requirement is flius 30ml. 

Total minimum carbon dioxide requirement is thus 37.5nil at STP, which 
dictates the use of a container with 40 ml volume at STP to provide some reserve. 

The calibration procedure and unit described in the above preferred 



43 



embodiments thus provides a check of the system calibration at a level of change 
in the ^^C02/*^C02 ratio very close to tiie threshold level above which a breath 
test is considered to give a definite positive result from the patient's breath 
samples. For this reason, quite apart from its use as a periodic calibration check 
of the breath tester, it can also be used as a speedy sensitivity check of the 
instrument at any time, for determining whether a specific patient's results which 
are on the borderline of being considered positive, arc being correctly measured 
by the instrument. 

Reference is now made to Fig. 20, which shows an alternative preferred 
Q embodiment to that shown in Fig. 15, for performing a calibration check 

^ procedure. This embodiment difiTers in that gas with only one known isotopic 



ratio is provided to Uie instrument for measurement. This gas is preferably 



N supplied in a container 300 at an elevated pressure, typically 5 bar, so that the 

CI 

89 volume of tiie container is suitably compact. The container 300 is preferably of 

Q the aerosol-type, as shown in Fig. 18 A, and on insertion into the calibrating gas 

% connector 302 on tiie brea& tester front panel, tiie calibration gas flows through 

^ die check valve into the system, and encounters a solenoid valve 306. This valve 

6 is generally shut, to isolate the breath tester from the ambient air, but when the 

pressure monitor 304 senses the presence of the high pressure gas, it provides a 
signal for the instrument control to open the solenoid valve 306, allowing the gas 
charge to enter the system, and to inflate the bladder 308, thus providing a 
reservoir of 100% calibrating gas, CO2 in the embodiment shown, with a known 
isotopic ratio S, and at atmospheric pressure, ready for pneumatic handling by the 
calibrating system. The solenoid 306 is also useful for providing a long-term air 
tight seal at the system entry, since the connector 302 is intended for short term 
use only. 

The gas flows via a variable flow restrictor 310, which is used for fine 
tuning the flow through a fixed flow restrictor 3 12, to a Tee junction 3 13, where 
it is dilutedliowh toT a useablir^5%'TO 

ingested into the system via a dust filter 3 14, a flow restrictor 3 16, and a solenoid 
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valve 3 18 opened when a calibration check is to be performed. The values of the 
flow restrictors 310, 312, 316 are chosen to ensure tiie proper dilution ratios to 
achieve the preferred 5% concentration. From the Tee-junction 313, when the 
3-way solenoid valve 322 is appropriately set, the gas flows into the breath tester 
for measurement of its isotopic ratio. Another flow restrictor 320 ensures the 
correct flow rate into the gas analyzer. The inhalation stage of the subject's 
breath is simulated by switching solenoid valve 322 to allow ingest of ambient air 
into the breath tester, \ia a dust filter 324 and a flow restrictor 326. By switching 
the solenoid valve 322, the inhaled and exhaled breaths of the subject can be 
simulated. 

The pressure monitor 304 preferentially fulfills more control fimctions 
^ than that of signaling when a container has been connected. First of all, it can 

M verify that die container connected is indeed a new container, and with the 

S correct fiiU pressure of calibrating gas in it. Additionally, it can provide flie 

£3 calibration control system with the information that a new calibration check 

^ container has been installed, and that the breafli test counter should be reset to 

zero, ready for counting die permitted number of tests before a new caUbration 
check is mandated by the system. 

As already mentioned, the calibration check processes and the devices 
described hereinabove are part of a mandatory system check incorporating a 
calibration check, which should be performed at regular intervals during the use 
of the breath tester instrument. This is a routine operator calibration check, which 
is mandated by the need to positively verify the accuracy of the breath tester to 
avoid the occurrence of false positive or false negative results in patients. The 
calibration check control system of the breath tester must therefore include a 
procedure which detomines when a new calibration check needs to be 
performed, and supervises that die test is indeed executed using a new calibration 
check gas kit. 

Refefencc~is now made to Fig: 21A-B,- which- shows-a flow- chart, 
according to a fiirther preferred embodiment of the present invention, of the 
computational method nmning within the calibration check control program, to 
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supervise the demand and execution of the periodic calibration checks. A new 
calibration check is mandated preferably after every 25 breath tests. The main 
system requirements include that a warning be given to flie operator, of the need 
for a new calibration check procedure after the execution of 25 breath tests from 
tiie previous calibration check. The 25th test may, however, fall exactly during 
the course of a series of related breatii tests, or at an inopportune time, such as 
just one or two tests before flie completion of the day*s woric, when the need to 
perform a calibration check would cause unnecessary delay to personnel or 
patients. For this reason, the calculation method is designed to allow an optional 

g five furdier tests beyond the authorized 25, before the instrument is completely 

^ disabled pending a new calibration check. 

«P At step 350, the breath test primary counter CI reaches a value 25 since it 

W 

SJ was last reset to zero by execution of the previous calibration check. 

Si 

^ At step 352, a message is displayed to inform the operator that a 

Q calibration check is due, and that a new calibration check kit should be connected 

5 to the breath tester. At the same time, at step 354, CI is reset to 0. 

^ At step 356, the operator is asked whether to initiate a calibration check 

S now. If the response is afBrmative, the calibration check is initiated at step 357. 

A negative response indicates that the operator requests, at st^ 358, the 

execution of up to a further 5 tests before a calibration check becomes 

mandatory. 

La such a case, at step 360, the procedure initiates a check that diere are 
still some tests remaining of the allowed extra 5. This is done by monitoring tibat 
the secondaiy counter C2 reads less than 5. 

If the secondary counter has reached a value of 5, then a final request for a 
calibration check is issued to the user at step 366, together with a warning that no 
more tests will be permitted until the calibration check is performed. 

At step 367, the operator is asked whether to initiate a calibration check. 
If die response is negative, ffien the calculation method disables tiie instrument at 
step 368. If the response is in the afOrmative, then the calibration check is 
initiated at step 357. 



. 46 



If Ae secondary counter, read at step 360, is not yet at 5, the operator is 
asked at step 362 whether he wishes to perform an additional breaA test before 
the calibration check. If the response is negative, then the calibration check is 
initiated at step 357. 

If the response is in the affirmative, then at step 363, the first of the extra 
tests requested is enabled. After performing the test, at step 364, both the primary 
and secondaiy counters, CI and C2 are advanced by 1, and at step 358, die 
calculation procedure is operative to enable flie operator to carry on perfoiming 
more of the five additional tests requested by him. 

Once the calibration check is initiated at step 357, the system first checks, 

Q 

^ at step 370, whether a nasal cannula is connected, which may prevent die 

W " ■ . . . 

=P ingestion of pure air for Ae porous tube device of tibe calibration check kit 

If the response is positive, then at step 371, the operator is notified thereof 

^ and requested to remove the caimula, and control is returned to step 370 to check 

p whether the cannula has indeed been removed. 

4 If the response is negative, then at step 372, a check is made as to whether 

5 a calibration check kit is attached or not. If the response is negative, tiien at step 
S 373, the operator is notified thereof and requested to connect a calibration check 

kit, and control is retumed to step 370 to check for die absence of a nasal cannula 
again, and at step 372, for the presence of a cahbration check kit 

If the response is positive, then at step 374, the identity data of the new 
calibration check kit is interrogated, to ensure fliat it is the correct kit for the tests 
being performed, and ^t it is indeed a new kit 

If the response is negative, tiien at step 372, the operator is notified of the 
problem, and is retumed to step 370 to recommence the routine for p^orming 
calibration check. 

If the response at step 374 is positive, then at step 376, the calibration 
check procedure is commenced by the release of tiie first calibration gas. 

Release of 4e first gas signals the actual commencemieiit of the calibration 
check procedure, and the secondary counter C2 is thus reset to zero at step 378. 

From this point onwards, the calibration check is described in terms of a 
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two-gas system. At step 380, the first gas is measured, following which, Ae 

second gas is released at step 382, and measured at step 384. 

At step 386, the result of the calibration check is displayed, and 

recommended action provided to the operator regarding the need to initiate an 

operator calibration procedure, as described hereinabove. 

At step 388, the identity data of the new calibration check kit is amended 

by one of the preferred methods described hereinabove to indicate that the kit has 

been used, and is therefore invaUd for further use. The calibration check 

procedure is thereby terminated. 
Q For a single gas calibration check, using the intermediate chamber system 

^ of the breath tester to dilute that one san^le down to provide more calibration 

^ points if desired, a similar calculation method is used, with slightly amended 

^1 steps 380 to 384. 

D3 



Self-diagnostics and Calibration 



□ 

^ 1. Self- diagnostics 



Since the instrument is intended to operate in a point-of-care environment, 
where there is generally no continuous technician presence, the instrument must 
have good self-diagnostic capabiUties, which define . whether it is in good 
operating condition and fit for use. There are five main levels of activity 
associated with the operation of the diagnostic system, two levels of diagnostic 
activity, and tiu-ee levels of consequential or corrective action, as follows: 

(a) Accumiilation of a historic database of functional parameters of the 
instrument operation, such as noise level, drifi, correlation of unrelated results, 
and the like. 

(b) Identification of the existence of problem and estimation of its 
severity. A problrai is identified eifter because of a parameter falling outside the 
limits of die instrument specification,, or because of a systematic change in- 
comparison witii die past performance of that instrument 

Once die existence of a problem has been established at level (b), it is 



48 



dealt with as per levels (c) to (e). The level reached depends on the severity of 
the problem revealed and its impact on the measurements performed. The levels, 
in increasing order of severity are: 

(c) Automatic application of a correction to measurements being made. 

(d) A warning output that instrument maintenance or calibration is 
required. 

(e) Complete disablement of the instrament. 

As an example of the different operational significance of each of these 
levels, the effects of noise present in the measurements is used to illustrate the 
P consequences ofeachofthe above five levels. 

-'S (a) The measurements are constantly monitored and the results for a 

'4, specific time period backwards are stored in a database. The noise level of the 

'-^ results, both in tenns of scatter of die actual measurements, and in tains of 

S various operational parameters of the instrument, such as lamp or detector noise 

f»s are recorded. 

f (b) The noise level is checked, both for departure from the norm, or from 

£ past behavior. If the random noise is below a predefined oitical level, the 

5 diagnostic method does not define the noise as being sufficiently problematic to 

prevent the attainment of an accurate measurement. Excessive correlation noise, 
on the other hand, as will be discussed in the section on instrument caUbration 
below, always directs the instrument into one or other of the recalibration modes. 

Identification of v4iat constitutes a critical noise level is dependent on the 
type of measurement being performed. A measurement which is giving a definite 
clinical indication of the patient's state of health, showing a strongly positive or 
stron^y negative result, is enable of tolerating a higher level of random noise 
than a measurement giving a result \exy close to the threshold level For results 
close to the direshold level, a noisy signal could result in a felse positive or felse 
negative result, and a much lower critical noise level is therrfore required. In fliis 
way, Ac reliability of the breath test measurement is detennined-as a fimction of 
the conditions prevalent during the execution of the breatfi test itself. 

The instrament diagnostic system can be constructed to output a 
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measiirement reliability parameter, which is a combinatioii of all of the 
operational parameters affecting tfie measurement reliability, as described 
hereinabove. It could, for instance, be a predefined combination of the closeness 
of the measured breath test result to the threshold, tiie noise level encountered 
during the measurements, and the level of the result itself. The measurement 
reliability parameter thus operatively defines what constitutes an excessively high 
noise level, according to tiie result being obtained at the time the definition is 
being made. 

This parameter, can also be output with the results of the test» in order to 

f ^ give die doctor additional infomiation as to what level of confidence can be 

-2 



attributed to tiiat paxticular test result 

It should be iK>inted out ^t, througihout this specification, the use of the 



terms "positive" and "negative" to describe the results of breath tests or patients. 



m is taken to mean that the patient shows respectively an elevated or non-elevated 

O DoB (delta over baseline) isotopic ratio. It is appreciated that whedier such an 

^ elevated DoB is indicative of a state of normal health, or the reverse, is 

^ dependent on the particular test being undertaken. For the breath test for H. 

O pylori^ for instance, it is an elevated DoB that may be associated with the 

presence of the bacteria. On the other hand, in the breath test for liver fimction, 
for instance, a DoB which stays low may be indicative of a diseased state of the 
liver, 

(c) If the noise level is high, but not so high that no meaningfiil 
measurements are possible, the diagnostic system applies a compensation 
procedure to die measurement. A commonly applied compensation procedure is 
achieved, as an example, by increasing the averaging measuremait time of the 
sample cuirently undergoing analysis in the gas analyzer. 

Another compensation procedure for excessive noise, either instrumental, 
or a physiological result of the test, is the dependence of the width of the band of 
threshold tevels for tbendefimtion of arpo^itive result,: on die noise'level present,, 
as is discussed in more detail hereinbelow. This compensation procedure has a 
direct bearing on the measurement reliability parameter output by the instrument. 
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Yet anotiier compensation procedure for excessive noise is the criterion 
used for ending the test. Should the noise level be such diat a definitive decision 
concerning the outcome of the test masked by noise fluctuations, a decision can 
be taken to lengthen the test in order to try to achieve a more delBnitive result 
above the noise level. 

(d) This level warning is actuated eiflier as soon as a level (c) situation is 
encountered, or at a higher level of noise severity, depending on the success of 
the compensation mechanisms in the instrument in achieving an acceptable 
measurement, with a good level of confidence. At this level, an output is issued 
by the diagnostic system, warning tfie user that instrument maintenance or 
calibration is required, so that the source of die noise can be determined and 



m 

^ ehminated. 



rj (e) Once the noise level becomes excessive, and compensation procedures 

ft do not enable the achievement of an accurate measuriBm«it, a level (e) status is 

reached. At this stage, the diagnostic system disables the instrument, since there 
=P then exists the danger of the generation of false results. 

s ■ 

5 2. System checks 

The breath tester, according to preferred embodiments of the present 
invention, is capable of performing independent checks of all of its major system 
functions by performing a pseudo-breath test on supplied samples of a calibrating 
gas. In particular, the calibration of the instrument is checked. There are a 
mmiber of ways in which this may be preferably performed, as described in the 
section on "Gas calibration checking device" above. The samples can be two 
physically separate samples of gas mixtures, supplied, for instance, in calibrating 
cylinders, each gas mixture having a known total CO2 concentration, and a 
known l^COa/^^COi isotopic ratio. The use of two separate calibration checking 
gases provides information about the absolute gain of die instrument, such tiiat 
the positions of the two absorption curves are known. This inforination can then" 
be used to confirm the true position of the ^^COz absorption curve, which, in the 



instrument calibration procedures to be described below, is assumed to be 
constant. 

Alternatively and preferably, a single gas with a known gas mixture may 
be used and the intermediate chamber of the instrument used to generate separate 
samples, each having a different concentration. Even a gas with unknown 
properties may be used, and the intermediate chamber of the instrument used to 
generate separate samples, each having the same isotopic ratio but a differrat 
concentration. 

As an alternative to performing the calibration check by analyzing external 
sources of gas witiii known or fixed isotopic ratios, the pseudo-breath test 
calibration check can be accomplished by using a breath simulator device, which 
generates pseudo-breath samples with different isotopic ratios from one sample 
of gas. A breath simulator device is described hereinabove , in connection with 
Figs. 13-14. The parameters of tiie pseudo-breath sample are similar to those 
encountered in the normal operation of a real breath test, e.g., similar flow rate, 
similar "respiration** rate, similar CO2 percentage, and similar i^COj/^^COj ratio. 

The checks performed are of instrument calibration, hardware, software, 
pneumatics and mechanics. There may be two levels associated with each system 
check - validation and correction. The foraier confirms that the system is 
functioning as specified, and the latter corrects readings in accordance with the 
results of fiie diagnostic system output Alternatively and preferably, if the 
system check procedures identify the need for calibration, the calibration may be 
performed at a later time. 

Furthermore, the checks may be performed by means of an Int^et 
connection with a central service center, either for on-line diagnostic assistance, 
or on a periodic basis for routine service checks and maintenance. 

2.1 Processing system self-check 

The system incorporates a self-checking facility, operating in a watchdog 
mode to ensure correct operation of the processing software and hardware. This 
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facility consists of a secondary microprocessor, with its own associated software 
distinct from the main instrument software. The main system microprocessor 
generates at regular intervals, a predefined syntiiesized output sequence. The 
secondary microprocessor analyses this sequence, and if any deviations from the 
predefined form are detected, the watchdog system issues a warning and closes 
down the main processor. The PC is then restarted under the control of the 
secondary processor, and the reason for the malfimction investigated. 

2.2 Hardware self-check 
Q The conq)lete instrument performs a self check of its hardware, and . the 

^ software direcfly involved in operating the hardware. Some of fliese checks 

^ require tiie use of a known charge of gas in the reference and absoiption 

N chambers. Others check the functioning of components of the hardware which 

SI 

m operate independently of the specific measurement being made, and therefore do 

□ not require the presence of a calibration gas sample. 

5 Approximately sixty parameters are used to characterize the operation of 

^ the system. Some of them are monitored continuously during operation of the 

Q system, as a real time diagnostic faciUty. Most of them are monitored only 

between tests, or when the instrument switches from the stand-by mode to the 
ready mode. Of the sixty or so parameters, 16 are defined as being critical 
parameters, and divergence from predetermined allowed values results in 
interruption in the use of the system. Amongst the critical parameters arc: 

(a) Light source stability as a ftmction of time 

(b) Reference cell absoiption check 

(c) Operation of the shutter between reference and sample channels 

(d) Input capnograph operation 

(e) Intermediate chamber operation - pneumatics and electronics 

(f) Feasibility check on values of 5 obtained (e.g. negative values, or values vnitL 
large changes between subsequent breaAs actuate flie critical parameter flag.) 
The component parts of the system with which these parameters are associated 
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are shown in Figs. 1 and 2, and in more detail in PCT Publication No. 
W099/14576, from which Figs. 1 and 2 are adapted. 

To illustrate the use of the critical parameters, the test for Ugjit source 
stability is described in more detail. Oh initial switch on, the lamp intensity I, as 
conveyed by an optical fiber from the lamp to a detector, is monitored in the 
reference channel, in order to determine the lamp stability on warm up. As soon 
as the time differential of the intensity, dl/dt falls below a predefined level, the 
lamp is considered to be stable, and an enable signal is output to the instrument 
control. If the desired stability level is not reached, the instrument waits for a 
Q predetermined time for stability to be attained. After die elapse of this time 

1^ period, a request for lamp maintenance is displayed, and the instrument is not 

^ enabled for operation. Similarly, if during operation; dl/dt rises above the 

predefined level, a disable signal is given to die instrument 

m 
m 

p 3. System calibration 

The breath test instrument is capable of performing four levels of 
^ calibrations, which are operative to ensure that measured differences in isotopic 

P ratios are accurate on an absolute level. These calibration procediu-es operate by 

amending the absorption curve parameters used in the gas analyzer for converting 
optical transmissions into gas concentrations. In this way, they compensate for 
drifts in the absorption curves, whether due to enviromnental changes, or to 
instrumental component changes. Changes in these absorption curves are the 
most common cause of incorrect calibration in such breath tester instrumentation. 
These calibrations operate at the software level, within the routines concerned 
with converting series of optical absorption measurements into isotopic ratio 
differences. In this respect, tbey are to be distinguished from the calibration 
checking procedures described extensively hereinabove, which check die 
absolute accuracy of isotopic ratios measured, by die use of gases with known 
-isotopic ratios. " " ~ - ~ . - - 

The four levels of calibration are denoted: 
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3 . 1 Soft calibration 

3.2 Self-calibration 

3.3 Patient calibration 

3 . 4 Service calibration 

The first three of these calibration procedures involve no operator or 
patient intervention, and operate automatically and continually wifliout being 
requested. Furthermore, the first three of these test procedures, and everf^ one 
embodiment of the service calibration procedure, are unlike any prior art gas 
analyzer calibration procedures, in that they use the subjects own breaths, both in 

^ order to determine whether calibration is necessaiy» and in order to perform the 

recalibration procedure itself. Procedures are known wherein a sample bag of 

^ breath provided by the operator or nurse is used as tiie calibration gas sample, bxit 

such a sample is like any unknown, externally provided calibration gas, and 

^ certainly requires operator initiation and intervention. 

U In addition, the first of these calibration procedures is an ongoing process, 

operating continually in the backgroimd. As a result, trends in flie instrument 
calibration can be better identified than is possible using any extemal calibration 

O 

p which relies on a procedure performed at a specific point in time, which may, by 

chance, fall at a moment when a temporary change or an atypical event occurs in 
the instrument. 

A second embodiment of the service calibration procedure indeed utilizes 
an extemaUy provided gas sample or samples for its calibration procediure. All of 
the calibration procedures described, except the soft calibration, are based on the 
measurement of the relationship between the isotopic ratios measured in gas 
samples of different CO2 concentration derived firom samples of gas with the 
same isotopic ratio. 

3 . 1 Soft calibration 

This calibration is purely software based, aiid bpemtes continuously in the 
background of the system, without requiring patient or operator intervention or 
involvement. This procedure continually monitors tiie results of breath sanq)le 
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analyses obtained from subjects wiA results close to the baseline. For instance, 
for the //. pylori breath test, this means subjects who proved negative. According 
to a preferred embodiment, the system software monitors the results of all of the 
patients tested over the last 2 to 3 days who showed negative response to the 
breath test The measurement points used for this test are those obtained for the 
baseline measurement taken before the ingestion of the isotopic labeled substrate, 
and those obtained after die cessation of any oral activity which arises from 
possible interactions of the labeled substrate with bacteria present within the oral 
cavity. 

Each of these negative patients provides breath samples, each generally 
having a somewhat different and random level of CO2 concentration, such that 
each absorption measurement is performed at a slightly different point on the 

M absorption curve. Preferably, breath samples wifli CO2 concentrations of from 

m 

J 2.3% to 2.7% are used, so tiiat deviation of the absorption curve is checked over 

in a range ofvalues instead of at one point only. 

£ This is in contrast to the routine measurement procedure, where the use of 

5 a constant concentration within each test is an important feature in the reduction 

S of the sensitivity of measurement accuracy to the state of the instrument 

calibration. So long as all of the absorption measurements in one test are 
performed at one concentration level, any drifts in the isotopic absorption curves 
affect, to first order, all of die measurements equally, such that any lack of 
calibration thus becomes a second order effect. There may indeed be an error in 
the ratio measurement ^^CQi/'^COa because of change in die absorption curve, 
but the error appears equally in all of the measurements, and thus does not affect, 
to first order, the changes in ratio detected. 

In the soft calibration procedure, all of die samples tested from a singje 
negative patient should, within die noise limits of die measurement, have the 
same isotopic ratio, despite dieir having different concentrations. It however, the 
ratios measifired are not the saffle,~but show a-conelation with die sample CCb 
concentration, this is symptomatic of a change in the absorption curve from its 
correcdy calibrated value. The "soft calibration** method then applies a correction 
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to the shape or position of the absoiption curve, to bring the instrument back into 
calibration, which is indicated by a lack of correlation between the isotopic ratios 
and concentrations. The way in which the correction is performed is explained 
hereinbelow. After correction of the shape of the absorption curve, the data of all 
of the negative patients over the past 2-3 days is again checked for correlation 
between concentration and isotopic ratio, to confirm that the recalibration 
procedure was successfid, which is indicated by a reduction in the aggregate 
correlation level for all of the data. Since this calibration procediure operates 
continually in the background, it maintains a constant state of recalibration of the 
instrument with respect to shifts of the absorption curve in tiie operating 
concentration range. 



*?3 



^ If, for a soft calibration procedure for a particular patient, no significant 

correlation between di£fering measured isotopic ratios and the concentrations is 



m 
m 
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found, then the system is considered to be correctly calibrated, and no adjustment 
to the absorption curve parameters is made at fbat point 

«P In addition to correlation between isotopic ratio and concentration, the soft 

G 

calibration process can be programmed to inspect for correlation between 
Q isotopic ratio and any other function which could affect the calibration of the 

instrument Among such functions are enviromnental conditions, such as the 
temperature present within the instrument, which has a noticeable effect on tiie 
absorption curves. 

3.2 Self-calibration 

This procedure, like tiie soft-calibration, also operates automatically 
without operator or patient involvement Unlike the soft-calibration procedure, 
however, it involves botii the instrument hardware and the processing software. 
The procedure commences at the conclusion of a breath test if two conditions are 
fulfilled: 

(i) that the patient tested~showed~a~n6g^tive~result,~ari(d 

(ii) that the total percentage of carbon dioxide in the patient^s alveolar 
breath was reasonably high, preferably 4% or more. 
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The intermediate chamber operation is adjusted to provide a single accumulated 
sample with a high CO2 concentration, e.g. 3.5%, such as would be obtained by 
collection of alveolar breath only. This sample is measured for isotopic ratio, and 
is then diluted down by flie intermediate chamber system to provide preferably 
two additional samples with lower concentrations, such as 3%, 2%,, each of 
which too is measiued for isotopic ratio. 

In order to provide more points for making the calibration assessment, the 
self-calibration procedure also preferably uses the results of data obtained at 
around the preferred operating point of die absorption curve, taken from the 
patient's previous breatfis. A total of five points is preferably used, three derived 
from the high concentration single sample and its diluted derivatives, and two 
^ more from previous negative breadis taken during flie test. The object of this 

SI spread of sample concentrations is to cover as large a part of the concentration 
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range of the absorption curve as possible. 

The isotopic ratio is checked at each of tiie five concentrations. Since each 



^ of the samples originates either from the same accumulated breath sample, or 

«^ from other brea&s taken from the same negative patient close in time to the 

O 

□ collection of the accumulated breath sample, the measured isotopic ratios should 

be identical. Any divergence is indicative of a drift in the absorption curve, as 
described above, and the recalibration procedure is thus initiated to eliminate this 
correlation of isotopic ratio and concentration. 

Since this self-calibration procedure takes place after the completion of the 
breath test, such as for instance, when the next patient is being readied for his 
test, it does not require virtually any additional instrument dead time. 



3.3 Patient calibration 

In a situation where the instrument is not in continuous use, or has not 
been used for a period of time, or if tiie initial system check detects a need for an 
immediate calibration, tiie system automatically initiates the performance of a 
patient calibration procedure. In tliis procedure, the first several breaths of the 
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patient, before administration of the labeled substrate, are collected and diluted 

dovm by means of the intermediate chamber, to provide a number of successive 

samples of different concentration. Each of these samples shoidd have the same 

isotopic ratio, since they are all taken from a single patient and at the baseline 

level. The calibration procedure flien adjusts the absoiption curves, as previously, 

until the ratios obtained from the samples of different concentration are all the 

same. A preferred criterion for determining whether recalibration is required is 

that, for example, the isotopic ratio should vary by less than 35 (i.e. less than 30 

ppm) for changes in CO2 concentration of from 3% to 1.5%. 

f% Since this procedure lengthens die time during which the patient has to 

1^ supply breath samples, it is less desirable from the point of view of patient 

^ tolerance than the self or soft-calibration procedures, but apart from the slightly 

N lengdiened sampling time, it too does not involve any conscious patient or 

m . 
ffi operator involvement 

p With any of flie Aree above-mentioned calibration procedures, there exists 

S the possibility, according to further preferred embodiments of the present 

invention, of correcting the results of tests performed in the past, using the newly 
found calibration data. If, for instance, the test resiilts show a strong correlation 
between ratio measured and concentrations, and the calibration ceilciilation 
procedure applies a correction to die absorption curve, it is possible to use this 
coirection not only for future measurements, but also to correct past 
measurements. 

li^ the lack of correlation is revealed at the conclusion of a certain tes^ but 
the data available from that test is insufficient to perform a complete calibration, 
or if the breaths available from that test do not cover a full enough range, dien the 
system can recommend the performance of a patient calibration procedure in 
order to accmnulate sufficient accurate data for performing a retroactive 
calculation of the results of that test According to this preferred embodiment, 
the patienFneed only give a few'more bi-eadis at the conc^ of his test, and 
can dien be released. 
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3.4 Service or operator calibration 

This is similar to die patient calibration procedure, except that it is 
technician or operator initiated when the need to perform calibration becomes 
apparent, or is mandated by extemal causes, such as following service, or after 
expiry of the maximum inter-calibration period required to maintain the 
instrument in accurate condition, hi tfiis procedure, the gas used can be either 
operator breath samples, by means of a method as previously described, or an 
extemal container of a calibration gas, such as is included widiin the periodic 

^ system calibration check kit described in die section on die system calibration 

^ check hereinabove. 

m 

Sj 3.5 Calibration Correction Method 

W 

Recalibration is required when the physical parameters of the gas analyzer 
p imdergo change such that the absorption curves differ from those which existed 

£ when the instrument was last calibrated. The significance of this is that the 

=P function which correlates the absorption cell transmittance to the detected gas 

O 

Q concentration has changed. In this situation, recalibration is achieved by applying 

a correction to the absorption curves to bring them back to their correct form, 
such diat a specific detected intensity is equivalent to a given gas concentration. 
This recalibration process is accomplished by means of the calibration correction 
method, whose stages are now described. The description is first given for a fiiU 
hardware-involved calibration, such as the self, patient or service calibrations, 
and then for the soft calibration, which is a software-only procedure. 

3.5.1 Regular calibration procedure 

Reference is now made to Fig. 22, i^ch is a schematic flow diagram of 
the main steps of the calibration procedure. The input data for the procedure are a 
series of ^^C02 transmittances {Ti2}i 400, and a^ series of ^^COa transmittances { 
Tuli known from measurements of different samples of the same gas, each 



a 

m 



60 



sample having a dififercnt concentration C12. Since all of these measurements 
come from the same gas sample, the isotopic ratio for all of the concentrations 
should be constant. 

For each value of T13 , the value of the equivalent concentration C13 is 
known by fitting the values T13 to the given C13 absorption curve T13 = F13 (C13), 
as shown at step 402. 

It is now assimied that within the operating range of CO2 concentrations 
used, the absorption curves for both isotopes T(c) can be described with good 
accuracy by a singlee^onent of the form: 

T(c) = yo + A exp(-c/t) , where 
T(c) is the transmission as a function of the concentration c, and yo, A and t are 



^ the parameters which define the absorption curve. 

N Fiuthermore, it is found empirically that the ^^C02 absorption curve is 

W significantly more stable than the ^^C02 absorption curve, and diat its parameters 

s ■ ' 

Q yi3, Ai3 and tn can be considered to be essentially independent of changes in 

«g 12 

^ environmental conditions. The CO2 absorption curve is therefore regarded as a 

£ fixed function. 

The calibration procedure consists of the following steps: 

1. At 402, the measured { Ti3}i values are inserted into the known ^^C02 
absorption curve, to obtain a series of { Ci3}i values, where C13 = FS3(Ti3). 

2. A series of the unknown {Ci2}i can then be created at step 404, by using 

the isotopic ratio R, C12 = C13/R. The value of R used can be approximated, 
without loss of effectiveness of the convergence of tiie calibration process used, 
by the natural isotopic ratio, R = (C13/ Ci2)natural. 

3. At step 406, the new generated values of {Ci2}i and the initial values of 
{Ti2}i, are used to determine new parameters yi2, A12 and tn, which more 
accurately characterize Ae current status of the C12 absorption curve. This can be 
preferably done by means of a best fit calculation, such as die "minimiun of mean 
squared error" method, as is well known in the art 
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4. A series of corrected transmittance values {Ti2c}i obtained by 
insertion of the new generated values for {Ci2}i into the new C12 absorption 
curve. As expected from the method by which fliese corrected transmittance 
values were calculated, a constant isotopic concentration ratio R, is now 
obtained, as required. 

5. At step 410, the differences between the initial ir^)ut transnuttance values 
{ Ti2}i and the new corrected transmittance values { Ti2c}i are calculated, and 
for each concentration { Ci2}i , a normalized error difference A T12 = (Juc^ T12) / 
T12 is obtained. A series of these values, {A Ti2}i , is thus obtained, 

6. At step 412, a best fit polynomial, A T12 = P(Ci3) is generated, using die 
new values of {ATi2}i and the known values of { Ci3}i . The order of the 
polynomial depends on the number of concentrations used as input data, and is 
typically of order 3 to 5. 

The result of the above calibration procedure is that a new absorption 
curve is obtained for calculating the C12 concentrations. Using this polynomial, 
each newly measured value of T12 is therefore corrected to a more accurate value. 
The new correction function A T12 = P(Ci3), by virtue of the way in which it was 
derived, ensures that a zero delta value is obtained between samples of gas with 
different concentrations but with the same isotopic ratio. 

According to another preferred embodiment of the calibration procedure, 
it is possible to use an abbreviated calculation meAod, wherem the value of the 
correction polynomial P(Ci3) is changed directly, using the values of Cb obtained 
from the ^^C02 absorption curve, instead of generatiag a new C12 absorption 
curve. According to this method, step 406 in Fig. 22 is by-passed, and flie 
assumption is made that the ^^C02 absorption curve too is fixed, like the ^^C02 
curve. The advantage of using the full calculation procedure, however, as 
described hereinabove, is that a clearer physical picture of what is changing can 
be obtained if the changes in the C12 absorption curve are followed. 
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3.5.2 Soft Calibration procedure 

The Soft calibration dififers from a full calibration in that OTjy the 
correction polynomial function A = P(C,3) is optimized. The parameters of 
the absorption curves for C13 and C12 remain imtouched. 

12 

This procedure requires the input of a historic senes of CO^ 
transmittances { Ti2}i and ^^CO^ transmittances { T^}! from tests with negative 
results, from samples taken either before the ingestion of the labeled substrate 
(baseline results) or after the subsidence of any oral activity. The transmittances 
are grouped by the test from which they were obtained. 

2 The procedure includes steps similar to those used for the regular 

01 

^ calibration described above, as follows: 

1. Using the current C13, Cx2 absorption curves and the last known correction 
g polynomial, the deltas and concentrations for the input transmittances are 

r calculated, and the correlation between the {Cnh concentrations and the deltas is 

=P determined. 

i 2. A series of { Ciadi »s created by insertiiig Ac values of { Ci3}i into the 

relationship Cu = C13/R, where R is constant and can be set equal to tiie natural 
ratio. 

3. The C12 absorption curve and { Ci2c}i are used to find a series of 
corrected transmittance values {T Ci2}i, where Tijc = F^CCuc)- These are the 
transmittances needed in order to obtain a constant R ratio. 

4. A series of noimahzed differences {ATu}i between the mput 
transmittances { Ti2}i and corrected transmittances { Ti2c}i created, where: 
ATi2 = (Ti2c-Ti2yTi2 

5. Usmg {A Ti2}i and { Ci3}i , a best fit polynomial A T12 = P(Ci3) is 
created, of order 3 to 5 depending on Ae numbor of conceaitrations used as input 
data. - - 

6. Using tfie current Cn, C|2 absorption curves and the new correction 
polynomial, the new deltas and new concentrations are detamined for the 
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corrected input transmittances, and correlation between these new concentrations 
and new deltas is determined. 

7. If, using the new P(Ci3) correction polynomial, the correlation between 
the new concentrations and the new deltas is reduced, the old polynomial is 
replaced with new one. 

If the soft calibration procedure was successful, the result is a lower value 
of correlation between deltas and concentrations. Since the soft calibration 
operates continuously, adding to the database every new set of negative data 
obtained, there is need to perform more than a single iterative calibration cycle. 
So long as the correlation is reduced, the use of the new correction polynomial 
ensures that the soft caUbration is operating in the correct manner, and that the 
correlation errors continuously converge. 

4. Input Capnograph Calibration 

In addition to die above mentioned calibration tests of the accuracy of the 
overall instrument operation, a specific test for the calibration of the 
capnographic probe at the input to die instrument is also performed. The 
capnographic probe measures the input breath waveform so that those parts of the 
waveform which are to be collected or rejected can be correctly defined. Since a 
capnograph does not have the same high measurement accuracy as the breath 
tester, a procedure using the results of the breath test measurement, which are 
highly accurate, is used to calibrate the input capnograph. 

The CO2 capnographic probe at the entrance to the system provides a 
measure of the CO2 concentration. The concentration of the content of the 
accumidated sample at the end of the filling process is estimated by integration of 
the capnographically measured concentrations of all of the breath waveform parts 
collected by the intermediate chamber system. The accuracy of this measurement 
is dependent on the form of the capnograph^s absorption curve, which may have 
changed because of operating conditions. The concentration .of the content of . this 
accumulated sample is now measured in the gas analyzer sample chamber, where 
a highly accurate measure of the concentration is obtained. This is then used to 




correct tiie absorption curve of the capnograph for the actual environmental 
conditions existent in the system, by correcting the CO2 probe calibration, so that 
the estimated bag concentration is made equal to die measured concentration. 



Patient Preparation and Test Procedure 



1. Patient preparation 

Prior to application of breadi tests, during the patient history intake, it is 
advisable and is common practice tiiat the physician should note details about 
S any medications taken by the patient, which could interfere with the results of the 

01 test. In particular, the patient is ^ically asked according to the metiiods of the 

^ prior art, vsdiether he has been taking any antibiotic or other therapeutic drug 

^ recently, since these drugs may affect the results of the breatii test, depending on 

W what specific breath test is being performed. Some of the prior art describes 

Q breath test methods which use two measurement points, based on a single bag of 

3 breath samples collected before ingestion, and a single bag tiiereafter, or at best, 

£ three measurement poiuts, based on one sample bag before, and two sample bags 

^ collected at different times after substrate ingestion. Using these metiiods, in 

order to avoid the danger of false negative results, a time interval of a number of 
weeks is typically recommended between the cessation of the taking of antibiotic 
or other specific gastro-intestinal therapeutic drugs and the execution of the 
breath test. For example, operating recommendations given by Alimenterics Inc., 
of Morris Plains, NJ, the manufacturers of tiie LARA (Laser Assisted Ratio 
Analyzer) system for the detection of Helicobacter Pylori in tiie upper 
gastro-intestinal tract, suggest that the taking of antimicrobials, omeprazole (a 
proton pimap inhibitor) and bismuth preparations within 4 weeks prior to 
performing their breath test, may lead to false negative results 

The reason for this recommended abstinence period is that tiie drag may 
significantiy affect ttie physiological dynamics of the appearance of ttie isotope 
labeled component in the patient's exhaled breath, due to suppression of the 
bacteria responsible for tiie mechanism giving rise to the elevated isotopic ratio. 
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According to such prior art metiiods, this may result in a misdiagnosed result, 
particularly a false negative result because of the reduced reaction level, or 
because of the delayed physiological response dynamics, and hence arises the 
need to question the reliability of breath tests performed within a specified time 
of such drug therapy . 

According to prefeixed embodiments of the mefliod of the present 
invention, the use of multi-sample, on-line, virtually continuous monitoring of the 
isotopic ratio in the exhaled breath described in the present application, as 
opposed to the prior art mediods of measuring one, or at most two discrete 
samples following ingestion of the labeled substrate, enables most changes in the 
patient response to be more easily detected. Unlike the prior ait methods, 

^ according to the preferred me&ods of the present invention, the breath test for H. 

ly ... 

Si pylori can flius be performed with an acceptable rate of specificity and 

^ sensitivity, even when the patient is currently undergoing PPI therapy for the 

p treatment of gastric problems, or antibiotic or other treatment for the eradication 

g of the H. pylori infestation. At worst, the knowledge that the subject has 

^ xmdergone such therapy in the period immediately preceding the test, can be used 

Q by the physician to assign a somewhat lower "Level of Confidence" parameter to 

the results, but need not lead to any effective change in their significance. 

Furthermore, according to most of the recommended procedures according 
to prior art breath tests, the patient is advised to fast for a period typically of 
several hours before the breath test, to eliminate the effects of changes in isotopic 
ratio arising from particular food intake. It is known, for instance, that diets higji 
in maize content result in a higher baseline "^COj isotopic ratio Aan otherwise. 
Because of the short time required to perfomi tiie breath test according to the 
present invention, there is no need for the patient to fast prior to the test, since 
any changes in isotopic ratio resulting from particular food intake typically occur 
at a considerably slower rate than changes measured in the breath test due to K 
pylori activity. This advantage may be enhanced by the ability of the present 
invention to monitor changes in the isotopic ratio measm-ed virtually 
continuously, thus countering the effects of possible different dynamic response 



to tiie urea because of imcertainty as to the time from the patient's last food 
intake. In addition, there is evidence pointing to tiie fact that the ingestion of a 
meal results in the covering of part of flie stomach lining, such that the H, pylori 
activity is reduced. Even if this is tiie situation, the ability of the present 
invention to virtually continuously monitor changes in the isotopic ratio enables 
more abstruse changes in isotopic ratios to be detected, and thus provides a 
higher level of confidence to the measurement than other prior art methods. 

Reference is now made to Figs. 23A - 23E, which show situations which 
typically arise during the execution of breath tests, which, according to the prior 
a art methods of discrete breath sample collection and analysis, may have been 

misdiagnosed as giving false positive or false negative results. The use of the 
virtually continuous methods of sampling and analysis according to further 

fU 

^ preferred embodiments of the present invention, enable fliese cases to be 

^ correctiy diagnosed. 

Q In Fig. 23A is shown a plot of an isotopic ratio which is increasiiig very 

S slowly, but monotonically. This kind of response can arise when, for instance, 

^ the test is performed on a subject too soon after food intake. The absorption of 

M the marked substrate from a fiill stomach is considerably slower than otherwise, 

and there is also a strong dilution effect from the other stomach contents. 
Consequently, even if the subject is definitely positive, the result may be a slow 
rise in the resultiag isotopic ratio. The same effect may be seen in a subject with 
a poor level of gastric absorption, or in a subject undergoing drug therapy for 
treatment or eradication of the disease or bacteria being tested for. 

According to the prior art methods of collecting a single or at most two 
sample bags at predefined times after ingestion of the marked substrate, at those 
times, ti and t2, the isotopic ratio has not reached die upper threshold level, T/H, 
the crossing of which would be determined as indicating a positive result. As is 
seen, even a considerable time after t2, the threshold level is still barely crossed, 
or may not have been crossed at all, long after the termination of the breatibt test 
according to all of the usually accepted protocols. This subject would flius have 
beoi determined to be negative. 
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According to the methods of the present invention, however, the abiUty of 
the breath tester to virtually constantiy collect and monitor a plurality of breath 
samples, enables the analysis software of the breath tester to detect the 
continuous rise in isotopic ratio, and such a subject would thus be more correctly 
diagnosed as being positive. The use of this method therefore allows more 
reUable breath testmg to be perfonned. Furthermore, it enables the breath tests to 
be performed more reUably without the need of pre-test fasting, and on subjects 
undergoing drug therapy for the treatment or eradication of the clinical state or 

g bacteria being tested for. Furdieimore, it allows a result to be obtained earUer 

)^ than by the prior art, discrete sample bag methods. 

£ Reference is now made to Fig. 23B. which shows an example of the plot 

of a breath test of a subject who has a condition which results in an unstable level 
of metabolized substrate, and hence of isotopic ratio of his exhaled breaths, but 
who does not show the clinical symptoms of the condition being sought for m the 
S breath test. Accordmg to some prior art methods, if a sample bag were, by 

* chance, to be collected for analysis at point t, in time, the subject would be 

q diagnosed as positive. Use of the methods according to the present invention, 

would however, result in a correct negative result, since no definite rising trend is 
detected. 

Reference is now made to Fig. 23C. which shows a situation in which the 
isotopic ratio rises feirly rapidly to over the threshold level T/H, but then reaches 
a steady plateau level just above the threshold. Such a physiological outcome 
would be determmed as being positive accordmg to a single pomt prior art test 
performed at point t,. yet would be correctly interpreted as negative by the 
analysis methods used in tiie present irrventiML 

Finally, reference is made to Fig. 23D. which shows a plot 450 of Ae 
result of a breath test, which would initially be interpreted as giving a positive 
result, whether by a prior art discrete bag coUection mefliod, at time ti, or by the 
methods of the present invention using virtually continuous collection and 
analysis of isotopic ratios. However, on the same graph are plotted the values 452 
of the carbon dioxide concentration of tiie samples measured at each point in time 
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on the graph. It is observed that tiie concentrations show a strong correlation with 
the ratios measured at each point in time. 

According to the methods of Ae present invention, the correlation of the 
concentrations witii the isotopic ratios would be detected by one of flie self 
diagnostic routines operating within the instrument, as arising from an incorrect 
calibration state of the gas analyzer, probably as a result of a shift in one of the 
absorption curves. A patient calibration procedure would then be performed, to 
correct the parameters of the absorption curves so as to reduce the correlation 
discovered, and the results of the test recalculated retroactively, using die original 
data with the newly calculated absorption curves. Fig. 23E shows the result of 

«P diis recalculation procedure after ftit calibration. As is observed, the isotopic 

W 

N ratio is now seen to be low and undulating, and die result of the test is shown in 

St 

08 fact to be negative. 

£ 

P 

^ 2. Substrate preparation and admimstration 

J According to fiirdier preferred embodiments of the present invention, a 

procedure is practiced for the administration of the marker substrate. This is 
described in terms of the mediod used for die breath test for the detection of H. 
pylori, where urea is used as an isotopically labeled substrate. The current state 
of practice of diis procedure is well documented in a number of recent pubUshed 
patent applications, such as WO 98/21579 to A. Becerro de Bengoa Vallejo, 
entifled "Method and kit for detecting Helicobacter pylorr and WO 96/14091 to 
C. Nystrom et al, entitled **Diagnostic preparation for detection of Helicobacter 
pylorf* both hereby incoii>orated by reference, each in its entirety. 

It is known in the art, such as in the above mentioned deBengoa Vallejo 
PCT Application, that in order to detect the activity ofH pylori in as efiBcient a 
manner as possible, the pH value of the stomach antrum should be maintained at 
its natural acidic level, in which environment die H. pylori continues its urease 
activity undisturbed. This can be preferably achieved by giving the patient before 
administration of the urea, a drink of ^proximately 200 ml of aqueous citric acid 
solution, with a pH of 2 to 2.5, instead of the water used in the earliest breath 
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tests. In the article entitled "Citric Acid as die Test Meal for the "C-Urea Breath 
Tesf by D.Y. Graham et al., published in The American Jomnal of 
Gastroenterology, Vol. 94, pp. 1214-1217, May 1999, there is described the 
results of breadi tests performed on patients after taking citric acid solutions. 
Results on positive patients were obtained significantly more quickly using 4 
grams of citric acid than using only 1 gram or plain water. The use of citric acid 
has three more added known advantages • firstly citric acid delays gastric 
emptying, thereby keeping the fiill amount of urea in die stomach for a longer 
period, secondly, citric acid assists in counteracting the effects of on-going P.PJ. 
2 therapy, as given to a large number of candidates for the H. pylori detection 

^ breadi test, and thirdly, citric acid diminishes the activity of oral bacteria, which 

ry are known to cause interference with die breath test. 

Si 

m The known procedure is, therefore, to give the patient a drink of 

approximately 200 ml of dilute citric acid, before or with the administration of 
^ the urea. Since the stability of urea in solution cannot always be guaranteed for 

O long periods, the generally accepted procedure is to provide the urea in powder or 

p tablet form, which is then dissolved in water, and given as a drink. 

According to a preferred embodiment of flic method of the present 
invention, the urea is provided in the form of a tablet, which is dissolved direcdy 
in the citric acid solution, which is flien drunk, or taken by means of a straw. The 
use of a straw ensures that the urea has minimal contact with the oral cavity, such 
that the effect of oral bacteria is reduced. This procedure has a number of 
advantages. Firstly, the use of a pill rather than powder is simpler to package and 
use. Secondly, the use of a pill makes it clear that all of flie urea has dissolved, 
and therefore, that the whole of the dose is active inunediately on ingestion. 
Thirdly, for some tablet stractures, the urea dissolves more readily in die citric 
acid solution than it does in water. For example^ a tablet composed of 50% urea 
and 50% sodium chloride, widi silicate binders and cellulose disintegration 
agents dissolve completely in a citric acid solution in almost half the time 
required for dissolution in water, 4 minutes as opposed to almost 8 minutes. 
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3. Kit identification 

The breath tester instrument according to the present invention can be 
used for a number of dififerent tests, some of which are described in the 
"Backgroimd" section of this application, and even more in the PCT Publication 
No. WO 99/12471, mentioned in tiie background section. Each test uses its own 
specific kit of isotopically labeled substrate, and possible accompanying solution 
components, such as the urea and citric acid used in the breath test for the 
diagnosis of Helicobacter Pylori in the upper GI tract. Since each test procedure 
may also have its own specific test protocol, in terms of elapsed time and 
S detection levels for the gas being detected, it is important that a means be 

m provided for ensuring that the correct kit is being used for the selected breath test, 

m and vice versa. Furthermore, tiie quantity of substrate and accompanying solvent 

^ used can be made dependent on tiie age, weight, medical history, or even ethnic 

p or geographic origin of the patient and the breadi test parameters are adjusted 

^ accordingly. Finally, tiie pharmaceutical lifetimes of some of the active materials 

O in the kits may be limited, so that it is important to warn the user, or even to 

p disable the instrument, if an attempt is made to use a kit witii an e>q)ired usage 

date. 

According to a fiirther preferred embodiment of the present invention, the 
materials for each individual breatii test are supplied in a kit togetiier with the 
disposable oral/nasal cannula or other breatii conveyance tube used in performing 
the test. In the co-pending U.S. Patent Application, No. 08/961013, "Fluid 
Analyzer with Tube Connector Verifier^, by some of the inventors of the present 
application, and hereby incorporated by reference, there is disclosed a tube 
connection verifier, which is operative to ensure that the correct tube is being 
used for the test being performed by the analyzing instrument, and that the 
connector is attached correctiy. According to this embodiment of tiie present 
invention* the connector of the oral/nasal caimula or equivalent can be coded 
with an identification code which contains information about which materials-are 
contained in the kit togetiier with fliat cannula, their quantity, and tiieir date of 
expiry. Means are provided on the connector of the breath tester instrument, to 
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read the infonnation thus provided when the oral/nasal cannula or equivalent is 
connected to the instrument. These means can include one or more of optical, 
electronic, magnetic or mechanical means, including bar code scanning, digital 
impulses or any similarly effective means. The commmiication can be either 
automatic when flie connector of the cannula or equivalent is plugged into the 
breath tester, the data being automatically input to the instrument, or it can be 
actuated in an inteuogation mode when the operator keys into the instrument the 
test details. 

Altematively and preferably, a tracer or marker material is added to the 
materials in the breath test kit, and means are provided in the instrument for 
detecting the marker. According to this preferred embodiment, any of tiie 
contents, quantity and expiry date of the breath test material can be automatically 

^ identified by the breath test instrument, even if use is not made of a cannula with 

m 

s the relevant coded material information, such as those provided in the kit. 

o 

^ According to a further preferred embodiment of the present invention, a 

§ marker added to the substrate in the breath test kit can be used to initiate the 

C- analysis of the breaths collected. According to this embodiment, a substance such 

O 

as labeled glucose is added to the substrate, the substance being very rapidly 
absorbed by the stomach into the blood stream, and its metabolic by-products 
appearing very shortly thereafter in the subject's exhaled breath. The detection by 
the instrument of Ifae labeled marker by-product from the glucose can be used as 
a signal that the substrate has been ingested, that its absorption in the stomach 
has commenced, and that it has followed the complete metabolic pathway of the 
physiological effect being investigated, but being immune to the particular 
disease, bacteria or physiological malfunction being sought, appears 
independently of die presrace of that disease or malfunction. This signal is used 
to issue a command to die instrument control system to commoice analysis of 
collected breath samples for the specific by-product of the test being performed. 
The use of this method is particularly advantageous with breadi tests which 
extend over a long time, since the marker provides a signal as to when to expect 
the commencement of the appearance of the substrate by-products. 



According to other preferred embodiments of the present invention, as an 
alternative to a solid such as glucose, a gas can be incorporated into the substrate, 
the gas being released on dissolution of the substrate in the gastric juices, and 
detected directly in the breath vdfliout the need to perform the complete circuit 
of absorption, metabolism and pulmonary exhalation. As an alternative, the gas 
can be produced from a parent material which generates the marker gas on 
contact with the gastric acids. 

In all of these embodiments employing marker materials, whether 
incorporating a gas, or resulting in a direct or an indirect gaseous by-product, if 
3 the gas is identical to the gas to be detected in the specific breath test, it is 

important that the effects of the marker gas be short term, so as not to interfere 
with the detection of the true by-products of the breath test. 
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Analysis of breatii test results 

In the above-mentioned PCT Publication No. W099/12471, entitied 
"Breath Test Analyzer", by some of the inventors in the present application, tiiere 
is disclosed a method whereby the breath test is temiinated at a time determined 
by the results of the test itself. This is similar to the mefliod disclosed 
hereinabove, whereby the method of virtually continuous collection and analysis 
of breath samples enables the instrument to determine that a clinically significant 
outcome has been obtained in accordance with the ongoing results of die test, 
such that the outcome of the test can be obtained earlier than by means of a 
sampling method using only a single or two discrete sampling points, as in most 
of the prior art According to a fiirther embodiment of the present invention, the 
breadi test instrument is equipped with signaling means for indicating to the 
operator that the test may be concluded, since a clinically significant result has 
been obtained. The signal may preferably and alternatively be visual, by means of 
one of "inore indicator lights, or audible, by means-of tones,~or by any other 
suitable real time indicating metiiod or device. In Fig. 15, are shown on the firont 
panel of the breath test instrument 210, two altmiative embodiments for 
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signaling to the operator that a meaningful result has been obtained, one in the 
form of an indicator lamp 231 and the other a loudspeaker 233. According to a 
furthe rembodiment of the present invention, different signals may be used for 
indicating different outcomes of the test, such as different colored light outputs, 
or different tones, for indicating whether the outcome of the test is positive or 
negative. 

According to further preferred embodiments of the present invention, fliere 
are provided a number of methods used in calculating the results of die gas 
analyses, such that a decision about the results of the breath test are obtained at 
□ an earlier time, or witfi more certainty than by prior art methods. 

m 

^ (a) Oral activity determination 

N One of the advantages of the virtually continuous analyzing of samples, 

^ according to the present invention, is that it becomes possible to differentiate 

s 

a between the effects of oral bacterial activity, arising from the direct effect on the 

substrate of bacteria in the oral, nasal or laryngetic passages, and true gastric 
£ effects. When only a single, or at most, a two point measurement after substrate 

tssi 

O ingestion is made, as in most of the prior art methods, it may be difficult to 

determine with certainty whether an elevated isotopic CO2 ratio is due to a rise in 
the isotopic CO2 ratio from a gastric interaction, or whether it is the fall of the 
isotopic CO2 ratio from the tail-end of oral activity. This may result in a 
percentage of false positive results. 

With die effectively continuous monitoring of the isotopic ratio according 
to tiie present invention, a method of calculation can be used which determines 
whetiier the isotopic ratio is on a rising or a falling trend, tiius discriminating 
between a true positive gastric result, and the fdl-off of oral activity. The method 
involves plotting the results from the commencement of the test, such that the 
detection of die characteristic rise and fall of oral activity is completely clear. 
According to a preferred embodiment of the present inventioii, a response is 
regarded as resulting from oral activity, and is therefore ignored, if a 
characteristic peak of the DoB is detected, in the form of a rising and falling 



74 



value, exceeding a lower threshold value, and returning to below it, all within a 
time which is clearly less than the time taken to detect the effects of tiie true 
physiological effect being sought after in the breadi test For die breath test for 
H Pylori, a typical time frame for die completion of any oral activity is of the 
order of 8 minutes from ingestion of the labeled substrate. Typical values of the 
oral activity peak are a rise to about 105, together witti a consequent fall of at 
least 55 from die peak value, all widiin a time of 4 to 8 minutes from the 
ingestion of the urea. 

It should be pointed out fliat die term "oral activity^ is used in this 
a specification to include any physiological side effects which result in an 

5 increased isotopic ratio in the subject's exhaled breafli unrelated to the 

^ sought-after effect being investigated by die breadi test, or widiout traversing the 

metabolic padi involved in the physiological state being investigated. 
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Q (b) Isotopic ratio change 

S In the order to determine the increase in the isotopic ratio ^^C02/*^C02 of 

S carbon dioxide in the subject's exhaled breadi, the generally accepted method is 

to measure a baseline level of die background isotope ratio in die subject's breath 
before administration of any substrate. The fractional increase in isotopic ratio 
above diis baseline is expressed in terms of the known "Delta over Baseline" 
parameter, or DoB. In generally used prior art methods, the DoB is commonly 
ejqpressed as a normalized parameter, delta 5, or more strictly, delta per mil, 
where die delta between die isotopic ratio Ri of a sample 1 and a reference 
sample Rr is defined as: 

8i = 1000*(Ri -Rr) /Rr 
The reference san^>le traditionally used is a geological rock standard 
known as Pee Dee Belemnite limestone, and the reference isotopic ratio Rpdb is 
dius die isotopic ratio of carbon, / , as found in naturally occurring PDB 
limestone, and has the value 1. i 1273%. 

The Delta over Baseline between measurements 1 and 2 is dius given by: 
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DoB = 81 - 82 , where, 

51 = 1000*(Ri -Rpdb) /Rpdb 

52 = 1000 * ( R2 - Rpdb) /Rpdb . 
Therefore, DoB = 1000 ♦(Ri -Rj) / Rpdb . where : 

Ri is the isotopic ratio measured on sample 1 at time 1, and 
R2 is the isotopic ratio measm'ed on sample 2 at time 2. 

In normal subjects, the isotopic ratio of baseline breath samples is 
essentially that of the carbon dioxide resulting from the metabolism of organic 
compounds originating in the vegetable-originated or animal-originated food 
Q consumed by the subject. Since these foodstufifs generally have an isotopic 

Wi carbon ratio noticeably lower tiiian that typical of naturally occurring carbon 

m dioxide in the air, and also lower Aan that of PDB, tiie baseline isotopic ratio of 

^ exhaled breath in normal subjects is usually significantly less than Rpdb, by an 

P amount which can range fi'om somewhat over 158 to about 276, depending on the 

^ subject. The DoB, according to the generally used definition, is flierefore 

'-^ expressed as the fractional difference in isotopic ratio between two 

6 measurements, relative to a specific fixed ratio, which is generally somewhat 

elevated from the typical baseline ratio. 

According to another preferred embodiment of tite present invention, it is 
possible in some cases to use the firactional difference in isotopic ratio between 
any two measurements, relative to a specific fixed ratio, but without flie need to 
have made a baseline measurement According to this embodiment, since the 
measur^nent of change in isotopic ratio is sufficiently sensitive, measurements 
taken following ingestion of the substrate may be sufficient to detect a 
sought-after change in isotopic ratio, wi&out knowledge of flie baseline level. It 
is then important to note that vAicn using the various parameters mentioned in 
this section, and throughout this disclosure, for making calculations of the 
isotopic ratio change, the term "Delta over Baseline** is to be interpreted broadly 
to mean the difference in Delta over some previously measured value, without 
strict adherence to knowledge of the baseline level. 
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During measurement of isotopic ratios in breath samples, by whatever 
means, the conditions of measurement in the sample and reference ceUs can 
change from those for the correcUy cahbrated conditions. Some types of breath 
test, such as fat mal-absorption estimation, gastric emptying rate, or Uver function 
tests, may extend over a considerable period of time, even rumiing into hours. In 
such cases, even very sUght drift of the instimnent during that time may become 
very significant Therefore, if there is a systematic error in the measurement of 
tiie ratios, due for instance, to incorrect calibration arising from a shift of the gas 
absoiption curves, even tiiough the error in measurement of the change in two 
ratios close to each other is veiy small, the value of DoB calculated contains the 
fall systematic error, since each ratio is normalized to a fixed value, Rpdb, whose 
value could be quite different from the ratios currenfly bemg measured, 
y hi order to avoid this disadvantage, an alternatively defined 5' has been 

S proposed in PubUcation No. WO 97/14029, of the PCX appUcation by the Otsuka 

Q Pharmaceutical Co., where, for flie ratios R between sanq)les 0 and 1 : 

8', = 1000* (Ri -Ro) /Ro. 
This definition of 5' has Ro in the denominator, instead of Rpdb- The difference 
^ between Ro. the basehne ratio, and R,. the next point of measurement, is 

generally much smaller tiian that between Ro and R^db, as explained above. The 
value of 8' is, therefore, much less susceptible to changes in measurement 
conditions resulting from a shift of tiie absorption curve, than the value of S, 
since 8' is normalized with respect to a ratio Ro close to the ratio Ri bemg 
measured. By using fliis 8', some prior art measurement methods attempt to 
overcome tiie problem of the need to conq?ensate for drift in the absorption 
curves. 

On die otiier hand, since tiie value of 8' is dependent on tiie value of Ro, 
tiie absolute results are dependent on tiie baselme of tiie specific subject 
measured, and can tiius vary with such factors as tiie diet of tiie subject, or tiie 
time elapsed since his last meal, or even his geographic origin, which it is known, 
can have an effect on baseline level. The difference in baseline levels between 
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different subjects can cover a range of about 108, as mentioned above. For titus 
reason, use of a 5' dependent on R© does not enable absolute numerical 
comparisons to be made between tiie results obtained ftom different subjects. 

Reference is now made to Table 1 below, which shows several calculated 
values of the DoB normalized to Ko in column 2, compared to the traditional DoB 
normalized to Rpdb in column 3. Column I is the trae isotopic ratio, as measured 
by mass spectrometry. The parameter RCIR will be explained hereinbelow. It can 
be seen that as die isotopic ratio of the sample increases, tiie DoB normalized to 
Ro diverges from tiie traditional DoB value normalized to Rpdb- Though the level 
of divergence shown at veiy large isotopic ratios has little clinically significance 
for a particular test, in statistical studies requiring comparisons of flie results of 
breath tests on a numbo: of different subjects, or for comparison of one subject's 
results taken at time intervals of typically some weeks, during which time his 
baseline ratio could be have changed significantly, the difference between the 
DoB parameters could become relevant, and die classical DoB, refored to Rpdb, 
is thus to be preferred. 



Isotopic ratio 
1.097 
1.101 
1.127 
1.165 
1.200 



TABLE 1 

DoB normalized to Ro DoB normalized to Rpdb RCIR 

0 0 0 

3.436 3.355 3.425 

27.656 27.000 26.992 

62.139 60.666 59.458 

93.532 91.314 88.166 



In order to overcome die dependence of the measured breath test results on 
changes in the absorption curves, according to die present invention, the breadi 
test instrument may incorporate various compensation procedures, such as the 
soft-calibration, self-calibration or patient-calibration procedures, as described 
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hereinabove. When one of these calibration procedures is performed, using for 
instance, a sample of the breath of a patient not showing meaningful change in 
isotopic ratio (a ''negative*' patient), the assumption is made in the calibration 
method that the isotopic ratio of that breath can be approximated by Rpdb. The 
parameters of the absorption curve are adjusted by the iterative calibration 
procedure, and as expected, the ratio measured is indeed found to be that of R^b- 
The use of such an assumed approximation to R^db, even though it is kno\vn that 
the true ratio may be 205 or more below the value of Rpdb> has only a small effect 
on the DoB values measured. Thus, for example, if the true ratio of the above 



£3 mentioned negative patient sample is, in fact, R = 1.07% (a typical value for a 

^ negative patient), instead of the assumed Rpdb = 1.11273%, then the error in the 

DoB measured resulting from the use of the Rpdb approximation, is only of the 



order of 3% of the value measured. This means tiiat instead of 58, a reading of 
^ 5.156 is obtained, this deviation being quite insignificant The absolute values of 

3 

5 DoB measured thus have minimal dependence on the baseline level of the 

O subject. 

Q Taking the example, at the other extreme, of a subject witii an imusually 

high baseline ratio, even with a baseline ratio as much as 605 above the assiuned 
value of Rpdb, by virtue of the iterative calibration method used, the measured 
DoB values obtained are affected by less than IS. Since the spread in baseline 
isotopic ratio between different subjects is typically considerably below this 
value of 605, the use of the preferred calibration methods of this invention, as 
described hereinabove, enable accurate breath test results to be obtained, 
referable to the generally accepted DoB parameter, and independent of tiie actual 
baseline of the patient tested. 

Even the small deviations in the measured values of the DoB's engendered 
by the Rpdb approximation used in the calibration methods described above, can 
be compensated for by executing a ratio measurement on a sample with a known 
isotopic ratio, such as by the execution of a calibration check of the instrument 

According to anotiier preferred embodiment of the present invention, the 
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above-amended definition for 5' is used in an alternative parameter, known as the 
"Relative Change in the Isotopic Ratio*' or RCIR. The parameter RCIR can be 
preferentially used, instead of the prior art DoB, for determining the increase in 
the isotopic ratio of exhaled breath. The RCIR parameter is defined by means of 
die expression: 

RClRn = RCIR„.i + 1000 * ( R„ - R.H1 )/ Rn-i , 
where Ra is tiie ^^C02/^^C02 isotopic ratio for the measurement n. By definition, 
at the baseline measurement, RCIRo = 0. 

According to the above definition of RCIR, the normalization is performed 
with respect to the isotopic ratio at flie previous point measured, R^-i. An 
alternative definition can also be used for RCIR, namely: 

RCIR„(+)= RCIR„,i + 1000*(Rn - Rn-i)/ Rn, 
SJ where the normalization is done with respect to the ratio at the current 

^ measurement point. Since, during the course of a breath test showing a positive 

result, R^, > Rn.i , the results achieved using RCIR„(+) are closer to those obtained 
relative to Rpdh, than results obtained using the previously defined RCIR„ . 
£ According to a fiirther preferred embodiment of the present invention, 

these two types of normalization for RCIR, are used alternately for calculating 
the results of each measurement, depending on whether the measmred isotopic 
ratio is on the increase or decrease. When the isotopic ratio is rising, Ro.i< Rn, 
and the second d^inition, RCIR (+), is used. For a falling isotopic ratio, in which 
case R„< Rn-i, the first definition, RCIRn, is used. This method of calculation, 
using alternate RCIR parameters, is advantageous for smoodiing the trend of the 
results whCT tiie ratio curve changes dnection firom increasing to decreasing, or 
vice versa, or when Acre is a high level of noise in the measured points, whether 
fi^om instrumental or physiological sources. The method is also advantageous for 
compensating for a measured poiat which is particularly deviant fipom the general 
trend of the plotted curve. 

A farther advant^e of the use of RCIR parameters alternately defined 
according to the trend in direction of the isotopic ratio measured, lies in the 
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accuracy of the results obtained. The use of a single definition RCIR parameter 
results in either the accentuation or the de-emphasis of Ae change in the ratio, 
depending on the direction of Ae change. Thus, for instance, the use of tiie first 
RCIRo parameter, being normalized to the previous reading Ro-i; results in the 
exaggeration of an increasing ratio, since when on the increase, the R„.i in the 
denominator of RCIR is smaller tiian R.. Similarly, the use of RCIR„ results in an 
apparent decrease in die rate of decrease of a falling ratio, since the denominator 
R„., is now larger tiian the present ratio R„. The opposite effect is obtained when 
using the RCIR(+) parameter, de-emphasizing an increase, and exaggerating a 
deo'ease. 

S As a consequence, if either one or tiie odier of the RCIR parameters are 

used in the analysis of an executed breadi test, an undulating ratio curve will 
^ result in an accumulated ratio error. On the other hand, according to the preferred 

embodiment of the present invention whereby alternate RCIR parameters are 
. used, depending on Ae trend in the measurements, an undulating curve always 
reflects the true measured result, and, as a result, for instance, always returns to 
5 its original level if the ratio returns to its original value. 

3 instrumental drift vMch takes place during the course of a measuremrait, 

does not affect die parameter RCIR significantly differently from the affect on 
the prior art DoB. hi the last column of Table I above, are shown values of die 
RCIR parameter calculated for each isotopic value given. As is seen, the RCIR 
values foUow die values of die classical DoB, wifli small deviations at high DoB 
values. 

According to another preferred embodunent of die present invention, the 
RCIR can be used in a mediod of measurement which largely overcomes a major 
problem of performing breadi tests ovor comparatively long periods of time, such 
as tiiose tests mentioned above, which can extend for weU over an hour, hi such 
situations, instrumental drifts are common, for example due to changes occurring 
iirtiie absorption curves widi-changes in OTvircmmental con in particular 

with change in temperature. In dds situation, if a baseline reference is taken near 
die start of die test, there is no simple way of accuratdx comparing diis baselme 
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measurement with isotopic ratios obtained much later in the test, since the 
measurement conditions are generally likely to have changed, and the comparison 
is not therefore valid. 

Furthermore, there are optical spectrometric gas analysis methods, 
including some used in breath tests, in which fliere is a need to bring the samples 
to be measured to tiie same major isotopic component concentration as the 
baseline sample, so that it becomes possible to directly relate optical 
transmissions (or absorptions) measured in the sample cells, to the concentrations 
of the component gases therein. This equality of concentration is achieved by 
□ diluting each sample collected, by means of an inert gas, down to a 

predetermined concentration. The concentration typically chosen is such diat it is 
^ at the low end of the range of conunonly achieved concentrations to be tested, 

such that a majority of the samples collected in practice, can be diluted down to 
that same predetermined concentration value. 
h In the above mentioned PubUcation No. WO 97/14029, of the PCX 

Q application by the Otsuka Pharmaceutical Co., in order to achieve equality in 

S concentration between two samples, a method is described of comparing tiie 

^ concentration of the two sample bags, and diluting the higher concentration one 

to that of the lower. Unfortunately, it is impractical to apply die method of 
diluting to flie lowest concentration to a large number of samples, each collected 
in a different sample bag or to an on-line measurement method in which -the 
breath of the subject is effectively monitored quasi-continuously, as is described 
in the present invention. The comparison of such a large set of samples would 
require a complicated system of sample handing and temporary storage, since 
each sample needs to be ultimately compared witti every other sample. 

Furthmnore, since stable measurement conditions generally cannot be 
maintained during die duration of typical breatii tests, as e^lained above, there is 
another disadvantage in the method of Otsuka, because of the use of tiie ratio, Ro, 
to which the changes in isotopic ratio of the samples are referred, which may be 
remote from die ratio of the measured samples. Likewise, if when comparing the 
n-th sample to sample n-1, the ratio Rn-i is used for normalizing, the trend of the 




results becomes undxily exaggerated, and any changes over emphasized. 

The utilization of alternating RCIR parameters, according to the preferred 
embodiments described in fliis invention, largely solves the above-mentioned 
deficiencies in the Otsuka method, enabling individual pairs of samples, n-1 and 
n, to be brought to tfie same concentration, without reference to any o&er of the 
pairs. Thereafter, the n+1 sample is measured relative to the new measurement of 
the n sample, and so on. 

Another method of achieving the correct dilution of the samples, 
commonly used in prior art carbon dioxide breath tests, is by means of a 
comparison of the ^^COi ER transmission with a reference sample of known 
concentration Since for the reasons stated above, comparative absorption 
measurements may be inaccurate if made at widely differing times, flie ability to 
achieve samples of equal concentration is also affected; by those same 
instrumental stability problems that affect die absorption measurements 
themselves. Thus, according to methods used hereto, when the samples n^y have 
been collected and measured at considerably different times, the accuracy of a 
breafli test is dependent in two separate ways on die ability to perform accurate 
comparative absorption measurements refcired to a baseline sample; firstly, in the 
ability to dilute die samples accurately to the same concentration, and secondly, 
in the ability to perform die actual absorption measurement accurately. 

There are a number of mettiods of overcoming this problenu One method 
is to collect a very large baseline sample, and to divide it into separate individual 
parts that wdll sufiSce to compare each subsequent sample collected as the test 
progresses, with a part of the original baseline sample, imder the conditions 
prevalent when the subsequent sample is measured, such that the comparison is 
more accurate. Alternatively, separate samples of die initial baseline sample can 
be drawn off for each successive breath comparison. These methods are very 
cumbersome to execute, and generally not easily feasible, because of the practical 
problem of collecting a large initial baseline sample,, that will suffice, after 
division, for each comparative measurement 

An alternative and simpler procedure that has been proposed in U.S. 
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Patent No. 5,146,294 to R. Grisar et al., is to use a storage container for 
supplying successive samples of a reference gas, vdiich, between measurements 
of diluted breath samples, is transferred into Ae measurement chamber under 
conditions identical, as far as is possible, to those of the diluted sanq)le breaths. 
The accuracy of this method would appear to be limited by the accuracy wMi 
which the system can be temperature stabilized, and by the accuracy with which 
the reference samples can be repeatedly measured at the same pressure 
conditions. 

According to another preferred embodiment of the present invention, an 
alternative reference measurement method is to collect a single initial baseline 
sample of exhaled breath, and to repeatedly measure this same baseline sample 
immediately before and/or after measurement of each sample collected during the 
tes^ by transporting the baseline sample into and out of tiie measurement cell 
between each collected sample measurement. In this way, the baseline sample is 
measured under conditions similar to those of the collected samples. The 
execution of diis method requires an accurate gas handling system to avoid 
contamination of the single baseline sample by loss, leakage or dilution. 

Alternatively, and even more simply, this single baseline sample may be 
stored in its own reference cell, and compared with the sample gas in tiie 
measurement ceU at each measurement of a new coUected sample. This has the 
disadvantage of having to switch the measurement path between different cells in 
order to perform each measurement 

Calculation methods for performing all of the above procedures can be 
estabUshed using various different definitions of the change in isotope ratio firom 
a fixed point, normahzed either to an absolute fixed ratio or to a variable ratio. 
The isotopic deviation of any measured ratio is Aen given by any of Ae 
following expressions, depending on which reference ratio is used: 

(a) ( Rn' Ro(»))* 1000/ Ro(„) . or 

(b) . - ( R«- Ro(.))* 1000/Rpdb - 

where R„ and Ro(„) are the measured isotopic ratio and the baseline reference 
respectively measured at the n"* measurement point 
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When an absolute nonnalized measurement, such as that to Rpdb , cannot 
be achieved, for instance because of excessive instrumental drift, tiie relative 
isotopic deviation may then take flie form: 

(c) (R„-Ro(n))* 1000/R„ 

Since R„ ^ Ro(n> expression (c) is closer to the standard PDB related expression 
(b), than (a) is. 

When the reference ratio is not a baseline measurement, the change in 
isotopic ratio from this point can be calculated relative to flie previous result. 
Thus, the deviation is obtained by subtracting for the previous result, one of the 
following terms, dependuig on the definition used: 

(d) ( Re- Ri^n))* 1000/ R^n), Of 

(e) (R„-R«f(«))* 1000/ Rpdb. 

Where R„ and R„k„) are the measured ratio itself and reference ratio respectively 
measured at the n**" measurement point. 

When an absolute normalized measxu-ement, such as fliat to Rpdb , cannot 
be achieved, for instance because of excessive instrumental drift, tiie relative 
isotopic deviation may then take the form: 

(f) (R„-R«fin))* 1000/R„ 

Since Rn ^ Ro(n> expression (0 is closer to the standard PDB referred exin^ssion 
(e), than (d) is. 

For the first pomt (baseline), tiie relative change in isotopic ratio can thus 
be e?q>ressed as : . 

(Rq- Rfe«0))* 1000/ R«a:ox pdbor o 

v^diile for the n measurement point it is: 

(R„- R«i(n))* 1000 / R««„x pdb orn " (Ro" R«90))* 1000/ R^OX pdb orO 

if the measurement is performed relative to a baseline, or: 

(Rn-R««n))*1000/R«5„xpdborn " (Rn-r R«ft«-l>)* 1000 / R^n-i^ pdb or a-l 

if tfie RCIR-calculation method is used. - 

According to another preferred embodiment of die present invention, a 
method is proposed, using die RCIR parameters, vrhich largely ov«comes the 
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above-mentioned problems of comparing collected samples with a single baseline 
sample for breath tests which extend over a long period of time. According to this 
preferred method, a pair of samples is collected at each measurement point, 
except the first, where only one sample need be collected, generally a baseline 
sample. At any successive measurement point, n, one of the pair of samples 
collected is compared with one of the samples fi-om tibe (n-1) point, generally 
collected a comparatively short time previously, while the second is kept for 
comparison witii one of the pair of samples to be collected at die next 
measurement point, (n+1). At the last measurement point, two samples are 
collected, but only one need be measured, as the test is terminated at that point 

Though the method of this embodiment has been described in terms of the 
"collection" of two separate samples at each measurement point, it is to be 
understood that in practice, there is no need to physically collect two separate 
samples. It is possible, for instance to collect a single sample, and to use half at 
each of the two measurement points concerned, or to collect a single sample and 
to measure it twice, once at each measurement point, or any other suitable 
variation of the metiiod. 

The time between measurement points is comparatively short compared 
with tbc total elapsed time of the complete breath test, and can typically range 
from considerably less than a minute, to over 30 minutes, depending on the type 
of test being performed. It is thus simpler to maintain tiie integrity of the sample 
and the stability of tiie measurement conditions for the comparatively short 
period between one measurement point and the next, than from the beginning of 
the breath test till its end. 

In this way, a moving frame of reference is created, whereby comparisons 
with the previous measiirement point are always made under the closest possible 
measurement conditions, and each measurement point may be referenced back to 
tiie previous point, regardless of how the measurement conditions have changed 
in the interim because of instrumental drift 

The computational procedure of comparison of pairs of samples according 
to this embodiment of die present invention, can be understood by reference to 
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Fig. 24, which shows a typical plot of how a measured isotopic ratio, R, could 
change as a function of elapsed tune, because of instrumental drift, such as 
results from changes in the absorption curves. The graph shown is for illustrative 
purposes only. The plot shows tiie change in the ratio actually measured by the 
instrument for an idealized fixed ratio, as if the breath test were giving a negative 
result, with no change whatsoever in the true isotopic ratio. A similar explanation 
can be given for the more likely situation when flie ratio really is changing, but 
for the sake of simplicity, a fixed ratio is used to explain the method of this 
embodiment. 

Using the prior art methods of comparing Ae change in isotopic ratio to a 
1^ baseline reference measurement taken at time to, tfie change in isotopic ratio 

f measured at time ti would be ARi. At the next measurement point, taken at time 

ly 

t2y the change in measured isotopic ratio, as a result of drift in the instrument, 
08 would be measured as AR2, and the accumulated change from the baseline level 

s ■ 

O ARj + AR2. Similarly, at the third measurement point ta, the measm-ed change in 

□ ratio from the previous point is AR3. and the accumulated change from the 

q baseline level ARi + AR2 + AR3. As is seen from the graph, the vanous values of 

^ ARfl can be significant, and the accumulated AR even more so, especially for 

breath tests which continue for a considerable time in comparison to the stability 
level of tiie instrument 

According to fliis preferred embodiment of the present invention, the 
collection of pairs of samples at each measurement point can reduce tfiis error 
substantially. Thus, for instance, at time ti, one of the pair of samples collected is 
used for comparing the ratio measurement at time ti with the baseline ref^ence 
sample measured at time to. The second sample of the pair is kept intact until time 
t2, and is then used as the reference sample against which one of the pairs of 
samples collected at time tj is compared In this way, Ae change in measured 
ratio AR2 due to instrumental drift is nullified, since a sample from time ti is 
compared in the instrument with a sample from time ta under essentially 
identical conditions, namely those extant in the instrument at time ta. Similarly, 
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comparison of the second sample kept from t2 with one from time ta enables the 
apparent shift in ratio AR3 to be effectively nullified. A similar argmnent applies 
for all successive measurement points in the breath test. 

The above explanation is somewhat simplified in that it assumes that the 
ratio measurement of each sample takes infinitesimal lime, and that both samples 
are measured simultaneously at each point in time, and thus under identical 
conditions. In practice, each ratio measurement takes a time At, and at pomt 2, for 
instance, tiie measurement of the raido of flie reference sample kept from time ti 
is peifomied at a time At earUer than tfiat of one of flie pair of samples collected 
S at time ta. During that time At, the drift of tiie instrument continues, and the result 

is that the ratio T2 measured at time t2, is different from tiie ratio measured at time 
m (t2+At) by an amount Ar. However, since the time At taken for die ratio 

^ measurements themselves is generally significantly shorter than the elapsed time 

W betwe^ successive measurement points, the use of the sample pair measurement 

O method, according to this preferred embodiment of the present invention, still 

5 results in considerably increased accuracy, and considerably increased immunity 

from instrumental drift. 
® Furfliermore, the sample pair method according to tiie present invention 

still results in a significant measurement improvement, even when account is 
taken of the time taken to dilute each sample down to its target concentration and 
to measure ttie concentrations reached, fliis process being performed so that Ae 
samples are compared at identical concentrations. The diluticm and concentration 
measurement process may, in fact, take considerably longer than the tune. At, 
taken to perform the ratio measurement itself. If the dUution and concentration 
measurement procedure is performed in the interim period between measurement 
points, botii for tiie reference sample collected from die previous measurement 
point, and for the sample currenfly being measured, then when the time to make a 
ratio measiu-ement arrives, the samples are ^eady diluted to their target 
concentration, and are ready to be measured immediately, with a time difference 
between comparative measurements of no more than At. 
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This prefeired method of collection and measurement of pairs of samples, 
and use of the RCIR parameter for calculation of the relative change in isotopic 
ratio of flie samples, may be advantageous and applicable for all types of breath 
tests, botii those which use bags for sample collection, which are tiien analyzed at 
a time and place not necessarily related to the time and place of collection of the 
samples, and also those which are performed in real time, with tiie subject 
connected to die breadi test instrument such that his breatii is capable of being 
monitored almost continuously by die breath test instrum^t 
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(c) Baseline determination methods 

In the known prior art, the baseline is determined by determining the 
isotopic ratio in a single measurement taken from a single breath sanq>le, or 
group of samples, obtained before the ingestion of the labeled substrate. This 
method may produce inaccurate results if the single baseline point obtained is 
incorrect, due eidier to drift or a high noise level in die instrument, or to 
physiological "noise" in the breaths supplied by die patient, when for some 
clinical reason, successive breaths give significantiy diflEerent isotopic ratios. 

In order to overcome these sources of potential inaccuracy, according to 
another preferred embodiment of the present invention, a baseline determining 
method is operative to review die quality of die measured baseline point, and if 
necessary, to measure one or more additional baseline points b^ore the patient's 
ingestion of the labeled substrate. 

According to a first additional preferred embodiment related to baseline 
measurement, if die self-diagnostic procedures operative widiin the instoument 
mdicate that die quality of the point measured is high, such as is detomined for 
instance, by die presence of a low standard deviation of scatter of the sqparate 
results makmg up diet first baseline measurement point, or by die achievMnent of 
a carbon dioxide concentration close to die target value, dicn die contiiol system 
concludes dwt a single baseline.measurement is sufficiently accurate. 

According to a firrtiier preferred embodimait, a second baseline 
measurement is taken. If the two measurements are widiin a predetermined value 
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of each other, then it is assumed that no interference, neither instrumental nor 
physiological, was operative in the baseline measurement, and a simple mean of 
the two values is preferably used. If; on the other hand, discrepancy is detected 
between the two values, or one of the points is suspect as being of poor quality, 
as determined for instance, by the criteria given above, a number of possibilities 
present themselves. The point of poor quaUty can preferably be discarded and 
only Ae good point used in defining the baseline level. Alternatively and 
preferably, the system can request the measurement of a third baseline point. The 
result of this third baseline point preferably determines which of the results are 
„ used. If it is apparent that the first two values are scattered because of a noise 

3 problem, flien the method takes a simple mean of all three values. Alternatively. 

^ if it is apparent from the third measurement that one of the first two values is 

y severely discrepant from the other two, one of the first two values can be rejected 

^ as being delinquent. 

According to fiirther preferred embodiments of the present invention, the 
•P baseline measurements are perfonned in such a manner as to speed up the 

progress of the test. Thus, for instance, the second point can preferably be 
collected before completion of the analysis of the first point If it becomes clear 
before completion of the measurement of point number 2. that pomt number 1 is 
of poor quaUty and cannot be used, then the calculation routine requests the 
collection of a third baseline sample, before completion of the measurement of 
point No. 2. 

According to a fiirflier prefenred embodiment of the present invention, m 
order to speed the test up even more, the patient is given the labeled substrate to 
ingest even before the results of the second measurement is known, but after the 
coUection of the breath sample for the second baselme measurement In this case, 
if a check of the quaUty of the measurement, as determined for instance by the 
standard deviation of the separate pouits making up the measurement, or by the 
accuracy of the achieved CO2 target concentration, reveals that one of the 
measurements is likely to be of poor accuracy, flien that measurement can be 
discarded in die calculation of die baseline. If bodi are of good quaUty. dien dieh 
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average may be used. 

(d) Threshold utilization methods 

A breath test for the detection of a specific clinical state, in common with 
many other diagnostic tests, reUes on the attainment of a specific result or level as 
the indication of a positive result of the test The provision of a definitive 
diagnosis about the absence of the sought-after clinical state, or, in other words, 
the definition of a negative result, is a much more difficult task. 
The operational function in a breath test is to detennine when a change in the 
isotopic ratio of a component of breath samples of flie subject is clinically 
i significant with respect to the effect being sought. The criterion for this 

determination, as used in much of the prior art, is whether or not the DoB has 
exceeded a predefined threshold level, at, or within the allotted time for the test. 
I When the result is positive, the decision is simpler, even thougji some doubt may 

L still remain when the threshold crossing is not decisive, such as when a slow 

i upward drift of the DoB value is obtained. When, however, Ae DoB hovers 

i between the baseUne and the threshold, vdth random noise perhaps sending it 

I over the threshold occasionally, it becomes a much more difficult task to make a 

definite diagnosis that the result is really negative. The interpretation of negative 
results is of special importance in the commonly used urea breath test for 
detecting the presence of H. pylori in the upper Gl tract, because of the 
widespread prevalence of ulcers and simUarly related conditions of the upper GI 
tract in a significant proportion of the population. 

One solution to this problem is to allow the test to continue for a longer 
time, to determine whether the result does or does not remain negative. This, 
however, involves patient inconvenience and die unnecessary occupation of 
expensive instrumentation, which could otherwise be used for the testing of 
fiirther patients. It is dierefor« important to devise a means of defining the 
optimum br^th test threshold level which enables definite results to be obtained, 
and especially negative results, in a minimum of time. 

In order to accomplish tfiis objective, and to achieve the highest sensitivity 
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and specificity in the shortest possible measurement time, the breath test analyzer 
according to ano&er preferred embodiment of the present invention, does not use 
fixed criteria for determining whether the change in the isolopic ratio of a 
patient's breath is clinically significant. Instead, the criterion is varied during the 
course of the test, according to a number of factors operating during the test, 
including, for instance, the elapsed time of the test, the noise level of the 
instrument performing the test, and the physiological results of the test. 

Furthermore, although the traditionally used measurement of the change in 
die isotopic ratio has been the level of the ratio over a baseUne level, according to 
other preferred embodiments of flie present invention, the measurement could be 
the change over a previous measurement point other flian a baseline level, or the 
rate of change of the isotopic level, or any other property which can be used to 
plot the course of the change. 

In order to illustrate these novel measurement mediods, a preferred 
embodiment of the present invention is now presented in which a Ar^hold 
utilization method uses the real time results of the test to determine whether 
enough data has been accumulated in order to decide that the test is complete. 
This is accomplished by using a dynamic threshold level, whose value can be 
changed by the threshold utQization method during the course of a measurement, 
as a function of one or more of the following quantities: 

(i) as a function of the nature of the data accumulated. i.e. whether Ae test is 
giving a well-defined result or not, 

(ii) as a function of flie level and trends of the results obtained, 

(iii) as a fimction of the standard deviation of the accumulated data, and 

(iv) as a function of Ae noise and drift level m the particuhir mstrument bemg 
used at that particular time. 

In addition, according to a fiirther preferred embodiment, two fliresholds 
may be utilized, an upper and a lower threshold, which converge as the 
significance of die data collected becomes clearer. 

A distinction can be made between a metiiod of detcnnining die use of 
variable diresholds at the beginning of a test, after die subsidence of oral activity. 
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and as the test proceeds. During the early period of a test, before the 
accumulation of a large quantity of data, in order for a definitive result to be 
decided, the points must fall eitiier very definitely above the baseline, which 
impUes a positive result, or must be very close to the baseline, which impUes a 
negative result As the test proceeds, and the physiological result of a large 
number of accumulated points of measurement are taken into account, then the 
threshold criteria to be used should be more statistically based on the data 
accumulated. 

The result of these two approaches is shown by reference to Fig. 25, 
which illustrates a preferred method of the use of double and dynamic tiireshold 
criteria. In Fig. 25 is shown a plot of the threshold values used as a function of 
the time elapsed from ingestion of the isotope labeled substrate at time t©. In the 
region 500 from the beginning of the test at time to, up to time t,, breath samples 
are generally not taken into account in determining whether the upper threshold 
has been reached because of the possible existence of oral activity arising from 
the breakdown of the substrate by bacteria present in the patient's mouth. 1^ on 
the other hand, the oral activity detection system determines Aat no significant 
oral activity is present, then rising results may be taken into account in 
determining when the iq»per threshold has been crossed, even from time to. 
Results close to the baseline may generally always be taken into account, since 
they are obviously unaffected by the presence of oral activity, if any. 

After the elapse of time ti, when oral activity, if any, has subsided and aU 
of the breaths collected are taken into account for calculation of the test results, 
two threshold levels are used, an upper threshold Tu 506, and a lower threshold T, 
508. Throughout the whole of the region 502, when very htde data has been 
accumulated, widely diflferent values of T„ and T, are used, 85 and 25 in the 
preferred embodiment shown in Fig. 25. A result below 25 is regarded as a 
negative result, while one above 86 is regarded as a positive result Results 
falling within die region between T, and T, are indefinite and require _the 
accumulation of more data. According to furflier preferred embodiments, the 
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threshold levels need not be constant in this region, but could commence widely 
apart at time tj, and slowly converge with time, as shown by the alternative upper 

direshold curve 507. 

An important aspect of this embodiment is that abeady by the time ti has 
been reached, which could be as little as 4 minutes from the ingestion of Ac urea, 
it is possible to make a definite positive or negative diagnosis, if the results 
obtained are sufficiently deviant from the expected baseline, 88 and 28 in the 
preferred embodiment described. A preferred criterion for a definite diagnosis is 
that if two points are obtained above the upper Areshold, to the exclusion of any 
Q points below the lower threshold, then the diagnosis is positive. Similarly, the 

i existence of two points below the lower flireshold, to flie exctosion of any points 

1 above the upper Areshold, is a sufficient criterion to provide a negative 

5 diagnosis. A more stringent and preferred criterion for a negative diagnosis, 

i bearing in mind the difficulties mentioned above in determining whether a result 

U is truly negative, is the presence of any 3 or 4 successive points after the urea 

I administration, falling either below the lower threshold or with an average below 

5 this threshold, and a standard deviation of less than 18 and with a slope of less 

a than 0. 15 per minute, and with no significant instrument drift or trend. Expressed 

qualitatively, iMs impUes fliat for a measurement which shows the DoB plot to be 
fairly flat, and on an instrument known historically to be stable in operation, then 
a negative result can be determined sooner than by any prior art method. The 
speed with yfidcb a diagnosis can be provided Aus distinguishes the breath test of 
flie present invention from those of prior art instruments and methods, both for 
positive and for negative results 

After elapse of a time t2 , shown at 6 mins in flie embodiment of Fig. 25. 
when a sufficient number of points have been accumulated, the standard 
deviation of the results should have dropped, and the physiological result of the 
test, if conclusive in either direction, should be evident enough that Ac thresholds 
may be closed up gradually, and even moved in the direction which provides the 
highest sensitivity and specificity for the test in progress. The time t2 from which 
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this threshold closure begins to operate, and the rate of closure itself of the 
thresholds 5 10, 512, and the rate of change of any level common to both of them, 
are determined by the data themselves, or are predetermined. Points with 
standard deviations which converge rapidly from the best-fit curve, result in 
speedy threshold closure and movement, and vice versa for slowly converging 
standard deviations. After a time ta , which too is determined by the degree of 
scatter of the points, the two thresholds converge into one direshold 514, at the 
traditionally used level of 55 in the embodiment shown, and from that time on, a 
diagnosis is made on the basis of the result falling above or below this threshold. 

If; on the other hand, tiie data points remain scattered, and their average 
level close to 58, a fault message is displayed and the test concluded without a 
meaningful result. 

In use, the tfureshold utilizatioia mediod shown in Fig. 25 op»:ates as 
follows. A subject with a rising DoB result who is not above 85 after 6 minutes, 
is evaluated again after 8 minutes with a threshold of 78, and if not over this new 
tiu-eshold, again after 10 minutes with a 65 threshold, until the traditional 58 is 
reached. Likewise, a subject showing a non determined DoB trend, who is not 
below 25 after 6 minutes is evaluated again after 8 minutes with a threshold of 
38, and if not below this new tiureshold, again after 10 minutes with a 48 
threshold, until die traditional 58 is reached 

As the time of die test proceeds, and the data accumulated more accurately 
reflects the physiological reality of the breadi test mechanism, whereby the DoB 
of positive subjects rises as time proceeds, then according to a furdier preferred 
embodiment of Ae present invention, the threshold used 515 is allowed to rise 
slowly with the continuation of the test time. 

According to yet another preferred embodiment, the lower threshold can 
remain independentiy existent instead of coalescing with the upper threshold to 
form a single threshold level. This is shown in Fig. 25 by alternative and 
preferable lower threshold 516, which eitiier remains constant at a certain upper 
level, shown at 48 in the example illustrated, or slowly falls with time, as die 
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differentiation between a negative result and a positive resiilt becomes more 
pronoimced. 

The validity of the use of variable thresholds according to tiie above 
preferred embodiments has been verified by comparisons of the results obtained 
with a breatfi tester incorporating such threshold embodiments, with results 
obtained by means of a monitoring test method. For flie case of tiie H. Pylori 
breath test, such a standard monitoring method is by die endoscopic collection of 
a biopsy firom the stomach of the patient, followed by a histological examination 
of the tissue, or a culture of the bacteria present. 

According to a further preferred embodiment of the present invention, the 
threshold values used are made dependent on the self-diagnostic outputs of the 
¥ system. For an instrument giving poor results, such as having a high noise level, 

SI or a systematic noise pattern, or a trend in the results, the threshold utilization 

method uses wide initial threshold values, namely a comparatively hig>i upper 
threshold and a low lower threshold. For an instrument giving good results, such 
_ as having a low noise level or a low level of drift, die upper and the lower 

5 tiireshold levels and also the difference between them can all be lowered, and tiie 

5 number of points falling below the threshold required to define a negative result 

can then be decreased. In this way, it becomes possible to define a test result as 
being negative or positive earUer than with a fixed tiireshold. 

According to a furtiier preferred embodiment of tiie present invention, a 
threshold utilization method is used for determining whether sets of points 
measured can be considered to give a definitive test result. A best fit polynomial, 
preferably of second order, is constructed to functionally approximate the plot of 
the points obtained in one test. Only those points measured following tiie 
effective cessation of oral activity are used in the construction of this polynomial. 
A weighted standard deviation of those points firom the calculated polynomial 
curve is then calculated. The weighting is performed such that for points less 
than, for example, 58 above the baseline, the deviation from the polynomial 
curve is taken as is. For points of over 56 above the baseline, since the efifect of 
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random noise on such a measurement is fer less significant, the calculation 
method takes only 20% of the deviation of the point from the polynomial as the 
effective error value for the purpose of calculating the weighted standard 
deviation. If this weighted standard deviation is greater tiian 1.5a, the 
measurement is regarded as problematic because of the high scatter of results. 

In addition to the standard deviation criterion, there are other preferred 
criteria on the basis of which the measurement may be rejected as being 
inconclusive. An example of one such preferred criterion is for instance if at least 
2 out of 5 points measured faU within the threshold limits, such as from 35 to 
75 above the baseline, while at the same time, the last measured point is less than 
105 above baseline, indicating that there is no strongly positive result. Even 
though the final point alone would seem to indicate a positive result, the 
calculation routine rejects the measurement, as extant at that point in time, 
because of the uncertainty introduced by the previously mentioned "2 out of 5" 
criterion. 

In some parts of this specification, the procedures and computational 
mefliods have been described in terms of the urea breath test for the detection of 
Helicobacter Pylori in the upper gastro-intestinal tract. It is to be understood that 
this test is only an example of many diagnostic tests which can be performed by 
means of breafli testing, and that Ae invention is not meant to be limited to the 
preferred e3q)lanatory examples brou^t from die H, pylori detection breadi test. 



Spectrally stable improved infra-red Izmp source 



The spectral stability of die lamp source used in die gas analyzer of breadi 
test instrumentation is of importance, because of die high resolution and 
selectivity required to accurately determine die concentration of one isotopic 
species in &e presence of anodier. Lack of good spectral stabiUty may cause 
smaU changes occulting in die source spectrum to be erroneously interpreted as 
intensity changes resulting from changes in isotopic concentration. 
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A number of factors affect the spectral stabUity of the electrode-less cold 
gas discharge infia-red lamp source, of the type Used in the breath test 
instrumentation according to flie present invention. These factors include 
temperature, electrode position and time. The first two are factors of the 
operating conditions and geometry of the lamp, and if weU understood, can be 
well controlled. The third factor mentioned, namely change over time, is much 
more problematic, since such changes are due to long term changes in the 
composition of the gas fill. It is diought that a major cause for long tenn changes 

in the lamp output and spectrum is the result of the gradual break down of the 

□ IR-active molecule in the discharge, hi the case of flie carbon dioxide lamp, the 
S carbon dioxide dissociates into carbon monoxide and oxygen, hi the course of the 
f first few minutes of lamp operation, an equilibrium of the above molecules is 

ru 

N reached, but over a longer period of operation, this equilibrium level changes as 

S CO and O2 are adsorbed on the walls of the lamp aivelopc. Impurities also 

□ reduce the CO2 level still fiirther. 

^ Up to now, die majority of the prior art on tiie subject of the changes widi 

£ time in the operating conditions of electric discharges in carbon dioxide has been 

G primarily concerned with the change in power ou^ut which occurs as die CO2 

level changes. This has been die main pomt of interest because of the unportance 
of avoiding a decay over time in die power levels of CO2 lasers, and especially of 
sealed-offCOa lasers. 

However, in the case of discharge lamps, whose emitted radiation is a 
result of non-coherent, spontaneous emission fiom an excited state to the ground 
state, changes m CO2 concentration also affect die emission spectrum by means 
of a process known as self-absorption. In CO2 lasers, on die oflier hand, this 
phenomenon is, for all practical purposes, non-existent The phenomenon of 
self-absorption operates m die foUowing way. The CO2 molecules in the lamp not 
only emit radiation when excited, but diey also absorb radiation when in the 
ground state, by means of mduced absorption. The lamp itself flius operates as an 
absorption cell to its own emitted light as diis Ught passes dirou^ die lamp's 
own gas fill to die ou^ut window. The CO2 lines are absorbed at their centers. 
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and their shapes thus change by means of the process known as self-absorpti<m. 

The effect of self absorption on NDIR spectroscopy measurements can be 
significant. Even when Doppler broadened, the lines emitted from the lamp are 
much narrower than the absorbing lines in a gas sample at atmospheric pressure. 
As a result, the region of coincidence on the absorbing lines is of approximately 
constant magnitude. Hence, althougb there is no change in absoiption 
characteristics for any individual emission line for different degrees of 
self-absorption, the change in the distribution of the individual line intensities 
does cause an overall change in the absorption diaracteristics. As a result, 
changes in self-absotption create a change in Ac emitted line streiigth distribution 
of the first order band group, i.e. the weaker absoibing Mnes of the Boltzman 
M distributed intensities traverse the lamp with Utde attenuation, even in Ac 

SJ presence of the high CO2 concentrations inside the lamp, but the strongly 

m absorbing lines oftheBoltzman distributed intensities are strongly attenuated. 

l^^ These changes in line intensity distribution are similar in their effect on 

^ the absorption characteristics to changes in distribution resulting from changes in 

5 relative group/order (isotope) strength, or Boltzman distribution changes resulting 

Q from changes in temperature. 

E3q)ressed mathematically, the lamp output radiation after absorption in 

tiie gas cell is given by: 

I = 2e-"ijdci^. ^zc^i^hj 

where Ii and I2 are for the first and second order respectively, and are defined 

over their line intensities This relationship foUows from the weU-known 

Beer-Lambert law. 

Defining a distribution ratio X = 2 ly /(Lly + Xlzj), which is the output 
ratio between first and second order of line distribution j, the transmission t(c) is 
given by: 

t(c) =ti(c)X +t2(c)(l-^ 

for any given concentration c. 

When the lamp CO2 concentration changes with time, this distribution 



ratio changes and hence, also the absorption characteristics of the complete 
optical system, consisting of the emitting lamp together with the absorbing cell. 
Under these conditions, it becomes <fifGcult to distinguish such changes from the 
changes in g^s concentration being measured. 

Although self-absorption can be anticipated from theoiy, it is difBcult to 
demonstrate directly. This is mainly because the typical line width of the lamp is 
less than 0.006cm ^ The only instrument currently available which is capable of 
resolving such a narrow width is an FTIR (Fourier transform infra-red) 
spectrometer, with a mirror movement of at least 2 meters. The self absorption 
Q fine structure is even more difficult to resolve. 

ill Experiments have been performed to observe the effect in discharge 

fy lamps, by using an FITR spectrometer with possibly one of the optimum 
resolutions currently attainable. Comparisons between aged and new lamps for 
^ changes in line shzpc clearly show the effect. Other effects such as chants in 

3 Boltzman distribution, or changes in the ratio of first and second order lines, are 

=P 

Q shown to be negligible in comparison. 

M 

O It is well-known in the art that one method of encouraging the 

^ recombination of dissociation products of molecules broken down under the 
effect of electrical discharges, to reproduce the parent gas molecule from which 
they originally dissociated, is by the use of catalysts. In the case of the CO2 
discharge, the carbon monoxide and oxygen molecules within the lamp envelope 
can be recombined xmder the influence of suitable catalysts, to reform the CO2 
molecules from which they dissociated. In sealed-off laser CO2 laser technology, 
such catalysts are widely used to maintain the level of CO2 in the laser cavity, in 
order to prevent a decay in the laser power output which would occur if the 
percentage of dissociated CO2 were to increase witii time. 

As mentioned above, the effect of self-absorption is effectively 
non-existent in CO2 laser dischari^s, as also in other syst^ns not lasing directly 
to the . ground state. In the CO2 laser, the stimulated qtmssion of the las^ light is 
produced by a decay transition from a metastable state down to a short-lived 
excited state. It is this transition which produces the familiar CO2 10.6|jun 
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wavelength radiation. Since the lasing transition is not to the ground state, the 
large population of groiind state molecules do not absorb the lasing transition 
energy, and for Ais reason, self-absoiption is effectively non-existent in such 
laser discharges. 

In gas discharge lamps of the type disclosed in U.S. Patent No. 5,300,839, 
on Ae other hand, the IR radiation is created by spontaneous emission in the 
wavelength region of 4.3pni, by transition of the IR active molecules from 
rotational-vibrational excited states, direcdy to the ground state. No metastable 
states are involved Jn this transition scheme. Smce a high proportion of the CO2 
molecules populate the ground level, the spontaneous radiation associated with 
the transition to this ground level is readily absorbed by these ground state 
molecules, by the process of induced absorption. This results in appreciable 
self-absorption of the radiation. In this respect, discharge lamps are significantly 
different from the stimulated emission of laser discharges operating in the same 
molecular system, in that they show a significant self absorption effect. 

The previously known catalyst technology used in laser discharges is 
aimed exclusively at maintaining the laser gain, the laser efficiency and the. 
power output level of the emission from the laser. To the best of the Applicants* 
knowledge, no mention has been made or suggested, that such catalysts be used 
to maintain the spectral stabiUty of the discharge, since the mechanism of 
self-absoiptioh by which this could be performed, is not applicable to lasers. 
Furthermore, to the best of the Applicants' knowledge, catalysts have never been 
used, or their use suggested for stabilizing the emission spectra of gas discharge 
lamps. 

There is thus provided, in accordance with a preferred embodiment of the 
present invention, a mediod for increasing the spectral stability of cold gas 
discharge infra-red lamp sources, by the use of a catalyst to reduce the changes 
with time in the concentration of excited gas molecules in the lamp active in 
emitting to ground state levels, thereby resulting in a reduction in the changes in 
self-absorption. 
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A number of catalysts are known for reproducing CO2 from CO and O2, 
such as platinum with tin oxide, sputtered gold and silver coatings. The me^od 
of providing the catalytic coating on the interior of the discharge lamp envelope, 
in order to increase the lamp's spectral stability, depends on the material used for 
the catalyst. According to one preferred embodiment of the present invention, tiie 
method consists of sputtering the gold in a finely divided form onto the inside of 
the lamp envelope, such that it forms a non-conducting film, with a very high 
surface to volume ratio. Other metals such as Iridium, Rhodium, Palladium and 
Nickel can also be used as catalysts. Other methods of ^plying the catalyst 
G besides sputtering may also be used, such as chemical or \^por deposition, 

m Reference is now made to Fig. 26, which is a schematic drawing of an 

5y improved electrically-excited gas discharge lamp 550, constructed and operative 

^ according to anotiier preferred embodiment of the present invention. The basic 

^ elements of the lamp construction are similar to those disclosed in U.S. Patent 

□ No. 5,300,859. The envelope 552 of the lamp defines an internal volume 554 

Q which contains a gaseous mixture 556 including one or more IR-active gaseous 

S species. The gas is preferably excited by two electrodes 558, 560, disposed 

^ outside of the envelope, and supplied with RF-exciting power via a pair of cables 

562. After being raised to an excited state, the IR-active gaseous species decays 
by means of a spontaneous emission directly to the groimd state, and the emitted 
radiation is output by means of an optically transparent window 564 at one end 
of the lamp envelope. According to this prefeixed embodiment of the present 
invention, on the inner wall of die lamp envelope is a layer of catalyst 566, 
operative to maintain a constant level of the dissociation products of the IR-active 
gaseous species, such that the self absorption of the emitted radiation is kept at a 
constant level, and spectral stability of the lamp output maintained, as exphdned 
in detail hereinabove. 

The catalyst is chosen to ensure an equilibrium between the IR-active 
gasediis sjpecies and~its dissbciatii^ pirbductsT U this respect; it shb^ 
that imlike prior art use of catalysts in lasers, where the catalyst is optimally 
operative to keep dissociation of the IR-active species to a minimum, in order to 
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keep laser ontput power to a maximum, according to the present invention, the 
catalyst need only maintain a constant equilibrium level of the IR-active species 
in order to achieve its aim of maintaining constant self-absorption and hence 
constant spectral stability. The catalyst may be applied by any of the methods 
known in the art, by chemical, sputtered or vapor deposition, or by any ofiier 
suitable means. The catalyst may be of any of the types mentioned hereinabove. 

Since the catalyst reduces the breakdown of CO2, it is possible to reduce 
the need for a large ballast volume of gas, and thus to produce a lamp of 
considerably reduced size. Such a lamp is advantageous for use in portable 
S systems. Such a smaller lamp has a better surface to volume ratio with respect to 

U1 the active media and the activated O2 molecules require a shorter path lengdi to 

5 reach flie coating, and hence have a higher probabiiiQr of reaching flie catalytic 

coating in the required activated state. In U.S. Patent No, 5,300,859, lamp 
^ volumes of the order of 60 ml. are disclosed. This volume was required to ensure 

5 an adequate reservoir volume to ensure long lamp life. If lamps of smaller 

6 volume were used, the increased effect of the absorption of dissociated carbon 
□ monoxide and oxygen on the increased surface of tiie walls in relation to the gas 
^ volume, would result in the lamp discharge decaying very rapidly. The use of a 

catalyst on the lamp walls, according to a further embodiment of the present 
invention, allows significantly smaller lamps to be constructed, without 
negatively affecting their lifetime or spectral stability. It is possible to achieve 
lamp volimaes of 6ml or less, which provide similar lifetimes to those of the prior 
art 60ml volume lamps, while maintaining the same level of spectral stability. 
This is of significant advantage for use in the breath tester, where two lamp 
sources are typically required, whose mutual stability is dependent on the 
maintenance of both of them under similar environmental conditions, something 
that is simpler to achieve witii more conq>act lamps. 

Since the catalyst reduces the breakdown of C02> the use of a catalyst 
according to the present invention^ makes it feasible to -produce a lamp with a 
lower CO2 pressure. In U.S. Patent No. 5,300,859, CO2 percentages of die order 
of 10% are recommended for opdmimi output and lifetime considerations. 
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According to preferred embodiments of the present invention, the use of a 
catalyst allows the operation of tite lamp with lower CO2 concentrations in the 
lamp gas mixture, down to 5%. This results in lower self-absorption effects, with 
consequent higher intensity central lines of the absorption spectrum, as explained 
hereinabove. This provides very deep absoiption curves with a high extinction 
ratio in the gas analyzer measurement cell, pennitting use of a shorter cell path 
and a more compact instrument without losing detection sensitivity or selectivity. 
This is of high importance when measuring the very low concentration levels of 
the minority isotopic component in a breafli test 

5 

^ It will be appreciated by persons skilled in the art fliat the present 

vj invention is not limited by what has been particularly shown and described 

^ hereinabove. Rather the scope of the present invention mcludes both 

combinations and subcombinations of various features described hereinabove as 

well as variations and modifications thereto which would occiu* to a person of 
O ... 
«P skill ui the art upon reading the above description and which are not in the pnor 

6 

S art. 
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CLAIMS 



We claim: 
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1. A method of determining in a breadi test, when a change in a 
measurement of an isotopic ratio of at least one breath sample of a subject is 
clinically significant, wherein the criterion for said determining varies during said 
breath test 

2. The method according to claim 1 and wherein said measurement 
comprises tiie deviation of said isotopic ratio from a measurement of at least one 
previous sample of said subject. 

3. The mefliod according to claim 2 and wherein said measurement of at 
least one previous sample of said subject is a baseline measurement 

4. The method according to claim 1 and wherein said measurement 
comprises the rate of change of said isotopic ratio. 

3. The method according to claim 1 and wherein said criterion is a function 
of closed time of the test 

6. Tlie method according to claim 1 and wherein said criterion is a function 
of the noise level of the instrument performing said test 

7. The method according to claim 1 and wherein said criterion is a function 
of the physiological results of said test 



8. A breath . test method using, at least one du:e_shpld level for .deteimi^^ 
when the isotopic ratio of at least one breath sample shows sufficient deviation 
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from a measurement of the isotopic ratio of at least one previous sample, that a 
clinically significant result of the breath test may be concluded, wherein said at 
least one threshold shows variation during said breath test 

9. The method according to claim 8 and wherein said measurement of at 
least one previous sample of said subject is a baseline measurement 

10. The method according to claim 8 and wherein said variation is at least a 
function of tiie elapsed time from iogestion of an identifying substrate by a 
subject. 

11. The method according to claim 8 and wherein said variation is at least a 
function of the physiological results of the analysis of at least one of said 
samples. 

12. The method according to claim 8 and wherein said variation is at least a 
function of the nature of the results obtained in said breath test 

13. The method according to claim 12 and wherein said nature of the results is 
at least a function of the standard deviation of tiie spread of results in said breath 
test 

14. The mediod according to claim 12 and wherein said nature of the results is 
at least a function of the noise level present in said results. 

15. The method according to claim 12 and herein said nature of the results is 
at least a function of the instrumental drift present in said results. 

16. The inethod according to claim 8 and wherein said variation covers a 
range of values between an upper direshold and a lower threshold. 
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17. The method accordmg to claim 16 and wherein said i^per threshold and 
said lower threshold converge as Ae test proceeds. 

18. The mediod according to claim 1 and wherein said measurement of an 
isotopic ratio of at least one breath sample is performed only after significant 
subsidence of oral activity. 

19. The method according to claim 16 and whwein.the presence of at least 
O two measurements above said upper threshold within a predeteimined time is 
U1 indicative of a positive result of said breath test. 

fU 

^ 20. The method accoitUng to claim 16 and wherein die presence of at least 

^ two successive measurements above said upper threshold is indicative of a 

P positive result of said breath test 

6 • 

Q 21. The method according to claim 16 and wherein the presence of at least 

® two measurements above said upper threshold in combination with the absence of 

measurements below said lower Areshold is indicative of a positive result of said 

breath test 

22. The method according to claim 16 and wherein the presence of at least 
two measurements below said lower threshold within a predeteimined time is 
indicative of a negative result of said breath test 



23. The method according to claim 16 and wherein the presence of at least 
two successive measurements below said lower threshold is indicative of a 
negative result of said breatii test. 
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24, The method according to claim 16 and wherein the presence of at least 
two measurements below said lower threshold in combination with tiie absence 
of any measmrements above said upper threshold is indicative of a negative result 
of said breath test. 

25. The mediod according to claim 16 and wherein the presence of at least 
two successive measurements falling below the upper threshold, with less than a 
predetermined difference in the value of delta between said three measurements , 
and with less than a predetermined average slope between them, is indicative of 

O a negative result of said breath test. 

^ 26. The method according to claim 16 and wherein the presence of at least 

two successive measurements falling below die lower durcshold, wiA less than a 
predetermined average slope between them, is indicative of a negative result of 
said breath test. 
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Q 27. A breath test method for determining whether measurements of the 

^ change from a baseline of an isotopic ratio in a subject's exhaled breaths, 

following the effective cessation of oral activity, are such that die presence of a 
clinically significant state in said subject is indicated, comprising the steps of: 

determining a polynomial which approximates the fimctional plot 
of said measurements with time; 

calculating a weighted standard deviation of said measurements 
fix)m said polynomial, wherein for measurements over said baseline by more than 
a predetermined amount, a certain fi:actional part of die measurement is taken, 
while for measurements not over said baseline by more than said predetermined 
amount, the measurement is taken in its entirety; and 

determining whether said weighted standard deviation exceeds a 
predetermined leveL 
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28. A breath test me&od for detennining when the measured change in 
isotopic ratio of a breath sample deviates suflBciently from a baseline 
measurement that a clinically significant result of the breath test may be 
concluded, wherein said threshold comprises an upper and a lower threshold 
band of uncertainty, and wherein the extent of this band is dependent on at least 
one of the parameters selected from the group consisting of the elapsed time of 
said breath test, die standard deviation of the physiological spread of results^ the 
(fynamics of the physiological change in isotopic ratio, the number of points 
measured in the breadi test, the environmental conditions present during the 
Q breath tes^ and the noise and drift levels of the instrument executing the breath 

m 

^ 29. A method for determining die reliability of a breath test measurement, as a 

m 

^ function of at least one of die criteria selected from the group consisting of the 

Q instrument noise and drift levels the standard deviation of the physiological 

g spread of results, the dynamics of the physiological change in isotopic ratio, and 

^ the time elapsed since ingestion of a labeled substrate. 

a 

30. The method according to claim 29 and wherein said reliability is 
expressed as a parameter vAdch. is taken into account in determining when a 
clinically significant result has been obtained in said breath test, in order -to 
tenninate said test. 



31, The method according to claim 29 and wherein said rehability is 
expressed as a parameter which is output wifli the result of the breath test. 

32. A method of calibrating a breath test instrument, by continuous analysis of 
results of breath tests of a plurality of subjects, without the need for externally 
supplied calibration means. 
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33. The method of calibrating a breath test instrument according to claim 32 
and also without the need for operator involvement. 

34. The method of calibrating a brea& test instrument according to claim 32 
and also without the need for active subject involvement. 

35. The me&od of calibrating a breath test instrument according to claim 32/ 
and wherein said continuous analysis comprises searching for correlation 
between the isotopic ratios of a gas species measured in said samples and the 
concentration of said gas species in said samples. 

36. The mediod of calibrating a breath test instrument according to claim 32, 
and wherein said continuous analysis comprises searching for correlation 
between the isotopic ratios of a gas species measured in said samples and an 
environmental condition present at the time of said breath tests. 

37. The method according to claim 36, wherein said environmental condition 
is the ambient temperature. 

38. A method of calibrating a breath test instrument, by analyzing results 
obtained on breath samples of a plurality of subjects not showing change of any 
significance in the isotopic ratios of a specific gas species measured in said 
samples, for coirelation between said isotopic ratios and the concentration of said 
gas species in said samples. 

39. A method of calibrating a breath test instrument, by analyzing results 
obtained on a plurality of collected breaOi samples fi^om one subject for 
correlation between &e isotopic ratios of a specific gas species measured in said 
samples andthe concentrations of said gas.species in .said samples. 
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40. A mefliod of calibrating a breath test instrument, comprising the steps of: 

(a) collecting a breatii sample containing a specific gaseous species; 

(b) measuring the concentration of said specific gaseous species in said 
sample; 

(c) determining the isotopic ratio of said specific gaseous species in said 
sample; 

(d) diluting said sample such that said concentration of said specific 
gaseous species changes; 

(e) determining said isotopic ratio again; 

^ (£) repeating steps (d) to (f) to obtain measurements on a number of 

^ different concentrations of said sample; 

m 

>P (c) looking for correlation between isotopic ratios and concentrations of 

SI said different concentrations of said sample; and 

2 (h) adjusting the calibration of said breath test instrument to reduce any 

p correlation found. 

m ^ 

^ 41 A method of correcting a change in the calibration of a gas analyzer for 

Q determining the isotopic ratio between a first isotopic species of samples of a gas 

and a second isotopic species of said samples of a gas, comprising the steps of: 

(a) assigning a concentration CI to each measured value of transmission 
Tl of said first isotope species for each sample, by assuming given values for the 
parameters of the absorption curve for said first isotope species; 

(b) calculating the concentration, C2 of the second isotopic species for 
each sample measured, by assuming a predetermined ratio between the 
concentrations of said first isotopic species and said second isotopic species; 

(c) by means of a best-fit calculation, generating new parameters of die 
absorption curve for said second isotope species, by using, for each sample, said 
generated value of C2 and a measured value of the transmission T2 of said 
second isotope species; - ^ 

(d) generating a set of corrected transmissions T2c of said second isotopic 
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species, by insertion of said calculated values of C2 obtained in step (b) into said 
new absorption curve for said second isotope species generated in step (c); 

(e) calculating the differences between said measured values of 
transmission T2 of said second isotope species, and said corrected transmissions 
T2c obtained in step (d); 

(f) calculating a set of normalized eiror diflferences AT2 = (T2c - T2) / T2 
for said second isotopic species; 

(g) by means of a best-fit calculation, generating fi-om said set of 
normalized error differences AT2, a polynomial of AT2 as a function of the 

Q values of the concentration CI of said first isotopic species; and 

il (h) using said polynomial to obtain iteratively corrected values of 

£ transmissions T2c' of said second isotopic species, in place of the initially 

measured values T2. 

G 42. A me&od of correcting a change in the calibration of a gas analyzer for 

S determining the isotopic ratio between a first component and a second component 

5 of a gaseous sample, comprising the steps of: 

O measuring the concentration of said first component by means of 

optical transmission measurements; 

calculating the concentration of said second component firom said 
measured concentration of said first component, by assuming a predetermined 
ratio between said components; and 

correcting transmission measurements made on said second 
component such that a concentration derived therefrom is essentially equal to the 
concentration calculated in the previous step firom said measured concentration of 
said first component. 



43, The method of claim 42, wherein said components of said gas samples are 
isotopic components. 
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44. The method of claim 43, wherein said predetennined ratio is &e isotopic 
ratio of carbon 13 to that of carbon 12, as found in the naturally occurring 
mineral Pee Dee Belenmite limestone. 

45. The method of claim 43, wherein said components are components of 
collected breath samples, and said predetennined ratio is a ratio of said 
components typical of a population to be measured. 

46. The method of claim 42, wherein said step of correcting said transmission 
Q measurements made on said second conq)pnent is performed by calculating 
1^ corrected absorption curves for said second component. 

47. A mediod of retroactively correcting Ac results of a breath test from the 
^ effects of incorrect calibration, comprising the steps of. 

Q performing a calibration procedure according to tibte method of 

^ claim 38 to determine the existence of correlation between measured isotopic 

^ ratios and the concentration of gas species in the breath samples; 

O correcting the calibration of the instrument by means of corrected 

parameters of the gas absorption cmves to eliminate said correlation; and 

recalculating die data of prior breath tests using said absorption 

curves with corrected parameters. 

48. A method of retroactively correcting the results of a breadi test from the 
effects of incorrect calibration, comprising the steps of: 

performing a calibration procedure according to the method of 
claim 39 to determine the existence of correlation between measured isotopic 
ratios and the concentration of gas species in die breath samples; 

correcting the calibration of said instrument by means of corrected 
parameters of its gas absorption curves to eliminate said correlation; and 

recalculating the data of prior breath tests using said absorption 
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curves with corrected parameters. 

49. The method of claim 48, and comprising the additional step of collecting 
at least one additional sample from said subject before correcting the calibration 
of said instrument. 

50. A method of calibration of a capnographic probe, operative for measuring 
input breath waveforms in a breath test instrument; comprising die steps of: 

(a) estimating the integrated concentration of the accumulated 
breaths collected according to the measured capnograph waveforms; 

(b) measuring the concentration of a sample of said accumulated 
breaths in the gas analyzer of the breatfi test instrument; and 

(c) correcting the calibration of said capnographic probe such that 
it provides the same concentration as that measured by the gas analyzer. 

51. A breath test instrument which monitors changes in an isotopic ratio of a 
gas in exhaled breath samples of a subject virtually continuously, and determines 
that said test has a clinically significant outcome in accordance with the ongoing 
results of said test. 

52. A breath test instrument comprising a signal for indicating that a clinically 
significant outcome of a breath test has been determined. 

53. A breadi test instrument according to claim 52, and wherein said signal is 
a visible signal: 

54. A breath test instrument according to claim 53, and wherein said signal is 
an audible signal. 

55. A breath test instrument according to claim 54, and vdierein said signal 
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also indicates the nature of the clinically significant outcome of said breath test 

56. A breath test instrument according to claim 51, such that tiie outcome of 
said test is substantially independent of dynamic physiological effects occurring 
in said subject as a result of background conditions. 



57. A breaA test instrument according to claim 56, and wherein said 
background conditions are the result of treatment with a drug thenq)y. 



Q 58. A breath test mstiument accordiim to claim 56, and wherein said 

m background conditions are the result of &od intake in a period prior to die 

^ performance of the breath test. 

S 

m 

^ 59. A breath instrument according to claim 58, and wherein the need for a 

s ' 

S pre-test fast by the subject is obviated. 

^ 60. A breath test instrument according to claim 51, and wherein the outcome 

^ of said test on said subject undergoing treatmrat with a gastro-intestinal drug 

therapy, is obtained more reliably than using corresponding breath tests which do 
not monitor said changes in an isotopic ratio substantially continuously. 



61. A breath test instrument according to claim 51, and wherein tiie outcome 
of said test is obtained more reliably than would be obtained by corresponding 
breath test instruments which do not monitor said changes in an isotopic ratio 
substantially continuously. 

62. A breath test instrument according to claim 51, and in which said outcome 
of said test is obtained sooner than would be obtained by corresponding brealii 
tes;t instrum<^ts which do not monitor said dianges in an jsotopic ratio 
substantially continuously. 
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63. A breaA test instrument according to claim 51, and in which said ongoing 
results of said test enable a positive result to be determined even when said 
isotopic ratio does not clearly exceed a predetermined threshold level. 

64. A breatii test instrument according to claim 5 1, and in which said ongoing 
results of said test enable a negative result to be determined even when said 
isotopic ratio clearly exceeds a predetermined threshold leveL 

^ 65, A breath test instrument according to claim 64. and m which said negative 

^ result is detennined because said isotopic ratio exceeds said predetermined 



r! 
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4 threshold level because of instramaital drift. 

M 

66. A breadi test instrument according to claim 5 1, and in which said ongoing 
results of said test enable a negative result to be detennined because of die 
^ detection of correlation between said isotopic ratio and instrumental drift. 

pi 

5 67. A metiiod of ensuring fliat the correct isotopically labeled substance kit is 
used for a specific breath test by means of die addition of a marker element to 
said substance, said marker element being selected to have an inmiediate and 
short term effect on the breath test, and the provision within die breath test 
instrumentation of a detector for said marker element 

68. The method of claim 67 and wherein said breath test instrumentation also 
comprises means for enabling the instrument to pof orm analysis of die results of 
the breath test samples only after detection of said marker elemoit 



69. A mediod for determining vibea die effects of oral activity have subsided 
durii^ executibh of a breiodi tes^ by monitoring change in an isotopic ratio in 
samples of breath collected from a subject followmg the ingestion of an 
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isotopicaUy labeled substrate, to detect the presence of a meaningful peak over a 
predefined minimum threshold level occurring in said isotopic ratio, within a 
time shorter than the time taken to detect the physiological effect of interest in 
the breath test. 

70. The method according to claim 69, and wherein said meaningful peak 
subsides within a characteristic time interval from the ingestion of said 
isotqpicaliy labeled substrate. 

71. The method according to claim 70, and wherein said characteristic time 
interval is 8 minutes. 

72. A method, in a breafli test procedure, of determining a baseline level for 
an isotopic ratio of a gaseous species in exhaled breath of a subject before 
ingestion of an isotopicaUy labeled substrate, comprising the steps of: 

performing a measurement of a first baseline point; 

assessing flie reliability of said measurement; and 

performing a second measuronent of at least one additional 

baseline point if the reUabiUty of measurement of said first baseline point is 

determined to be inadequate. 

73. The method according to claim 72, and wherein said reliability of said 
measurement of said first baseline point is determined to be inadequate if the 
standard deviation of scatter of the separate results making up said measurement 
exceeds a predetermined value. 

74. The method according to claim 72, and wherein said reliabiUty of said 
measurement of -said -first baselinc-point is detenained to _be inadequate if a 
sample with a concentration of said gaseous species vdthin a predetermined level 
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of the target value has not been collected. 

75. A method, in a breath test procedure, of determining a baseline level for 
an isotopic ratio of a gaseous species in exhaled breath of a subject, before 
ingestion of an isotopically labeled substrate, comprising the step of measuring at 
least first and second baseline points. 

76. The method according to claim 75, and wherein the mean of said two 
points is used as tfie baselme value, if the first two of said at least two baseline 
points fall within a predetermined range of each other. 



77. The method according to claim 75, and wherein a third baselme pomt is 
M measured if the first two of said at least two baseline points do not fall within a 



^ predetermined range of each other. 



78. The method according to claim 77, and \^4ierein if the first two of said at 
1 least two baseline points do not fall within a predetermined range of each other, 
3 the point more distant fi-om said third baseline point is discarded. 

79. The method according to claim 75, and wherein the breath test procedure 
is expedited by collection of said exhaled breath of a subject for determining said 
second baseline point before analysis of said first baseline point is completed. 

80. The method according to claim 75. and wherem the breath test procedure 
is expedited by ingestion of said isotopically labeled substrate before the results 
of the analysis of said second baseline point are known. 



81. A breath simulator device for checking the system functionality of a 
breath test instrument, which provides gas samples to simulate exhaled bicaths of 
a subject. 
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82. A breath simulator device according to claim 81 and wherein said 
simulation of exhaled breaths of a subject, comprises at least one of the 
properties selected from the group consisting of flow rate, total gas species 
concentration, isotopic ratio of said gas species sample, and respiration rate. 

83. A system checking device comprising a porous tube which allows 
preferential diffusion through its wall of one component of a calibrating gas. 

Q 84. A system checking device according to claim 83 and wherein said porous 

^ tube is operative to amend the isotopic ratio of a calibrating gas during passage 

^. through it. 

m 

M 

^ 85. A system checking device according to claim 84 and also comprising gas 

Q switching means for alternating the output of said device between calibration gas 

^ with and widiout an amended isotopic ratio. 

Q 

O 86. A system checking device according to claim 85 and \^erein said gas 

switching means is operative also for alternating the ou^ut of said device 
between calibration gas with and without an amended isotopic ratio, and air 
without any calibrating gas. 

87. A system checking device according to claim 86 and wherein said gas 
switching means operates at a switching rate in a range similar to human 
respiration rate. 

88. A system checking device comprising: 

a caUbrating gas inlet conduit supplying calibrating gas to a porous 
tube, said porous tube allowing preferential diffusion through its wall of one 
component of said calibrating gas; 
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a calibrating gas outlet conduit, conveying calibrating gas with an 
amended composition from said porous tube; 

an outer chamber through which said porous tube passes, said outer 
chamber being continually flushed with a purging gas to remove any component 
of said calibrating gas which diffuses through said wall of said porous tube, 

89. A system checking device according to claim 88 operative to amend the 
isotopic ratio of a calibrating gas during passage through it. 

Q 90. A system checking device according to claim 89 and also comprising gas 

^1 switching means for alternating the output of said device between calibration gas 

with and without an amended isotopic ratio. 

^ 91. A system checking device according to claim 90 and wherein said gas 

Q switching means is operative also for alternating the output of said device 

£ between calibration gas with and without an amended isotopic ratio, and air 

£ without any calibrating gas. 

5 

92. A system checking device according to claim 91 and wherein said gas 
switching means operates at a switching rate in a range similar to a human 
respiration rate. ~ 

93. A breath tester incorporating a system checking device according to claim 
92, and also comprising a receiver into which is inserted a container of 
calibrating gas, said receiver including means for enabling a calibration check 
procedure in said breath tester. 



94. A breath tester according to claim 93, and wherein said container of 
calibrating gas is made of glass, and insertion of said container into said receiver 
actuates breakage of said glass, thereby releasing said calibrating gas. 
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95. A breath tester according to claim 93, and wherein said container of 
calibrating gas is closed by means of a pressure seated check valve, and insertion 
of said container into said receiver depresses said check valve, thereby releasing 
said calibratiBg gas. 

96. A breaA tester according to claim 93, and wherein said container of 
calibrating gas is closed by means of a thin metallic foil, and insertion of said 
container into said receiver enables a needle to penetrate said thin foil, thereby 
releasing said calibrating gas. 

97. A breath tester accordmg to claim 93, and wherein said container of 
calibrating gas is made of a hermetically sealed flexible plastic bag 

98. A breatfi tester incorporating a system checking procedure, oporative to 
ensure that said breath tester is enabled only if a routine mandatory system check 
is performed after a predetermined number of breath tests. 

99. A breath tester according to claim 98, and also operative to ensure that 
said breatii tester is enabled only if an authorized and new container of 
calibration gas is used for said routine mandatory system check. 

100. A method of calibrating a breadi tester conqim^g the steps of: 

performing a system check on said breath testa- by the use of at 
least two gases having known isotopic ratio differences between them; 

comparing the deviation in flie dififerences in tiie isotopic ratios 
measured by said breadi tester fix>m those of said at least two gases; and 

• if said deviation exceeds a predetermined value, performing a 
calibration of said breath tester according to the method of claim 41 . 
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101. A system checking device for use with a gas analyzer, comprising: 
a calibration checking unit; and 

an enabling mechanism for enabling operation of said gas analyzer. 
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102. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to count flie number of 
tests performed by said gas analyzer. 

103. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to accumulate the time of 
operation of said gas analyzer. 

104. A system checking device for use with a gas analyzer according to claim 
10 1 and also comprising a filter for removing fluids from a gas to be analyzed. 

105. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is actuated by the use of said 
calibration checking unit 

106. A system chcckmg device for use wi± a gas analyzer according to claim 
104 and y^crein said enabling mechanism for oiabling <^>eration of said gas 
anafyzer is operated by said filter. 

107. A system checking device for use with a gas analyzer according claim 101 
and wherein said enabling mechanism is communicative with said gas analyzer 
by means of a signal selected from a group consisting of electrical, electronic, 
optical, mechanical, magnetic, pneumatic and gaseous signals. 



108. A system checking device for use witfi a gas analyzer according to cfaim 
101 and wherein said enabling mechanism is operative to ensure proper location 
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of said calibration checking unit. 



109. A system checking device for use with a gas analyzer according claim 101 
and wherein said enabling mechanism comprises optical transmitter and receiver 
means, the optical path between which is completed by reflection from said 
calibration checking unit only when said calibration checking imit is properly 
located in said gas analyzer. 

110. A system checking device for use with a gas analyzer, comprising: 
^ a calibration checking unit; and 

!^ a count actuating mechanism initiated by first use of said system 

«P checking device, operative to begin a count of the number of tests performed with 

SJ said system checking device. 

m 



111. A system checking device for use with a gas analyzer according to claim 
^ 110 and also comprising a filter for removing fluids fi'bm the gas to be analyzed. 

^ ■ 
Q 

p 1 12. A system checking device for use with a gas analyzer according to claim 

110 and wherein said count actuating mechanism is actuated by said calibration 
checking unit. 



1 13. A system checking device for use with a gas analyzer according to claim 
111 and wherein said count actuating mechanism is actuated by said filter. 

1 14. A system checking device for use with a gas analyzer according to claim 
1 10 and wherein said count is used to prevent use of said gas analyzer after a 
predetermined number of tests have been performed. 

lis. " A^^stdin checking device for use with a gas ^alyzeFaccdf^ to claim 
1 10 and wherein said count of the number of tests perfomied with said system 
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checking device is perfonned within tiie gas analyzer. 

116. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count of the number of tests perfonned widi said system 
checking device is perfonned within the system checking device. 

117. A system checking device for use with a gas analyzer according to claim 
1 10 and wherein said count actuating mechanism is communicative with said gas 
analyzer by means of a signal selected ftom a group including electrical, 

Q electronic, optical, mechanical, magnetic, pneumatic and gaseous sigiials. 

3 
m 

f. 118. A system checking device for use with a gas analyzer according to claim 

ry 

M 101 and wherein said calibration checking unit releases a calibration checking gas 

W of known composition into said gas analyzer. 

5 

£ 1 19. A system checking device for use with a gas analyzer according to claim 

£ 118 and wherein said enabling mechanism is actuated by release of said 

O calibration checking gas. 

120. A system checking device for use with a gas analyzer according to claim 
1 10 and wherein said calibration checking unit releases a calibration checkmg^gas 
of known composition into said gas analjrzer. 

121. A system checking device for use with a gas analyzer according to claim 
120 and whw^ein said count actuating mechanism is actuated by release of said 
calibration gas. 

122. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is actuated by means of an active 
integrated circuit disposed on said system checking device 
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123. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count actuating mechanism is actuated by means of an 
active integrated circuit disposed on said system checking device 

124. A system checking device for use with a gas analyzer according to claim 
110, and also comprising a disenabling device which prevents , said count 
actuating mechanism from being reinitiated after first use of said system checking 
device. 

125. A system checking device for use with a gas analyzer according to claim 
104 and wherein said filter is a section of a sampling tube having built-in fluid 
filtering properties. 

126. A system checking device for use with a gas analyzer according to claim 
122 and also comprising a fiilter for removing fluids from a gas to be analyzed. 

127. A system checking device for use with a gas analyzer according to claim 
126 and whcreia said filter comprises a drying agent disposed in proximity to at 
least part of an inside wall of said sampling tube. 

128. A system checking device for use with a gas analyzer according to claim 
104 and wherein the construction of said calibration checking unit and said filter 
are such as to essentially maintain the waveform of a breadi of gas to be 
analyzed. 

129. A system checking device for use with a gas analyzer, comprising: 

a sampling line for conveying a gas to be analyzed to said gas 
analyzer; - 

at least one enclosure housing at least one container of calibration 
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gas; 

at least one mechanism for releasing said calibration gas in said at 
least one container into said enclosure, said mechanism having interactive control 
contact with said gas analyzer; and 

at least one delivery conduit connecting between said enclosure 
and said sampling tube for conveying said calibration gas after release into said 
sampling line. 

130. A system checking device for use with a gas analyzer according to claim 
129 and wherein said intCTactive control contact comprises the actuation of said 
mechanism by means of said gas analyzer 

131. A system checking device for use wifli a gas analyzer according to claim 
129 and wherein said interactive control contact comprises the transmission of a 
signal to said gas analyzer on actuation of said mechanism. 

132. A system checking device for use with a gas analyzer according to claim 
129, and wherein said at least one container of calibration gas comprises two 
containers of calibration gas. 

133. A system checking device for use with a gas analyzer according to claim 
129, and wherein said at least one delivery conduit comprises two delivery 
conduits. 

134. A calibration checking imit for use with a gas analyzer, comprising: 

a calibration gas mixture comprising at least a first and a second 

gas; and 

a delivery conduit for conveying said calibration gas mixture to 
said gas analyzer, said delivery conduit comprising a material which allows 
preferential diffusion through its wall of at least one of said at least a first and a 
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second gas. 

135. A calibration checking unit for use with a gas analyzer according to claim 
134, and wherein said material is a selective membrane. 

136. A calibration checking miit for use with a gas analyzer according to claim 
134, and wherein said material is a porous diffusive tube, 

137. A kit for system checking a gas analyzer comprising at least one 

- calibration checking unit and a plurality of disposable sampling tubes for each of 

Q 

^ at least one calibration checking unit 

m 

l^i 138. A kit for system checking a gas analyzer according to claim 137, and 

^ wherein at least one of said sampling tubes comprises a fluid filter. 
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139. A kit for system checking a gas analyzer comprising: 
^ at least one calibration checking vmit capable of interactive 
□ communication with said gas analyzer; and 

a plxurality of disposable sampling tubes for each of said at least 
one calibration checking unit 

140. A kit for system checking a gas analyzer according to claim 139, and 
wherein at least one of said sampling tubes comprises a fluid filter. 

141. A calibration checking unit operative to generate a second calibration 
material from a first material input thereto. 



142. A calibration checking unit according to claim 141 and wherein said first 
material is also a calibrating material. 
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143. A calibration checking unit according to claim 141 and wherein said 
materials are gases for use in a gas analyzer. 

144. A breath bringer which changes a characteristic during use. 

145. A breath bringer according to claim 144, and wherein said characteristic is 
a color. 

146. A system checking device for use wifli a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to accumulate die time 

a 

^ since the last system check of said gas analyzer. 

iH 

f 

147. A method of constructing an improved, electrically excited, gas discharge 
^! lamp, whose output is characteristic of spontaneous emission of at least one 



IR-active gas species to a ground state, comprising tiie steps of: 



«P constructing a lamp envelope; 

^ cleaning said lamp envelope; and 

g filling said envelope with a gas mixture comprising said at least 

one IR-active gas species; 

the improvement being the additional step of including a catalytic 
material within said lamp envelope. 



148. The method according to claixn 147, wherein said catalytic material is 
operative to increase the spectral stability of said lamp by reducing changes with 
time in the level of self-absoiption in said gas mixture. 

149. The method according to claim 147 v^erein said catalytic material is 
coated on an inside wall of said envelope. 



150. The method according to claim 147, wherein said catalytic material is 
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chosen from a group comprising gold, silver, rhodium, iridium, palladium, 
platinum and nickel. 

151. A method of constructing an improved electrically excited gas discharge 
lamp, whose output is characteristic of spontaneous emission of at least one 
IR-active gas species to a ground state, comprising the steps of: 

constructing a lamp envelope; 
cleaning said lamp envelope; and 

filling said envelope with a gas mixture comprising said at least 
one IR-active gas species; 

the improvemmt being the additional step of including a catalytic 
material within said lamp envelope, such that the volume of said lamp can be 
decreased. 

152. The method according to claim 151, wherein said lamp volume is less 
than approximately 6 milliliters. 

153. A method of constructing an improved electrically excited gas discharge 
lamp, whose output is characteristic of spontaneous emission of at least one 
IR-activc gas species to a ground state, comprising the steps of: 

constracting a lamp envelope; 
cleaning said lamp envelope; and 

filling said envelope with a gas mixture comprising said at least 
one IR-active gas species; 

the improvement being the additional step of including a catalytic 
material within said lamp envelope, such that die IR-active gas concentration can 
be decreased. 



154. the method according to claiin 147, wherein said IR-active gas species is 
carbon dioxide. 
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155. The method according to claim 151, wherein said IR-active gas species is 
carbon dioxide. 

156. The method according to claim 153, wherein said IR-active gas species is 
carbon dioxide. 

157. The method according to claim 156, \^erein the concentration of said 
carbon dioxide is less than approximately 5%. 

158. An improved electrically excited gas discharge lamp, whose ou^ut is 
characteristic of spontaneous emission of at least one IR-active gas species to a 
groimd state, comprising: 

a lamp envelope containing a gas mixture comprising said at least 
one IR-active gas species; and 

electrodes extemal to said envelope for exciting said at least one 
IR-active gas species; 

the improvement being a catalytic material located within said 
lamp envelope. 

159. The lamp according to claim 158, wherein said catalyst is operative to 
increase tiie spectral stability of said lamp by reducing changes widi time in the 
level of self-absorption in said gas mixture. 

160. The lamp according to claim 158, wherein said catalytic material is coated 
on an inside wall of said envelope. 

161. The lamp according to claim 158, wherein said catalytic material is 
chosen from a group comprising gold, silver, rhodium, iridixmi, palladium, 
platuium and nickel. 
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162. The lamp according to claim 158, wherein said IR-active gas species is 
carbon dioxide. 

163. A method of determining change in isotopic ratio in a plurality of at least 
a first, a second and a third gaseous sample collected at different points in time, 
wherein said change in isotopic ratio is deteraiined by measuring the isotopic 
ratio of said second sample in relation to said first sample, and in relation to said 
third sample. 

164. A method of reducing the cflfect of changes in the op^ting conditions of 
a gas analyzer on isotopic ratios measured in a series of at least three gaseous 
samples, by measuring the isotopic ratio of at least one sample in relation to a 
sample collected before and a sample collected after said at least one sample^ 

165. A method of determining change in the isotopic ratio between a first and a 
second gaseous sample, comprising the steps of: 

(a) measuring said isotopic ratio of said first sample; 

(b) measuring said isotopic ratio of said second sample; 

(c) determining the difference between said isotopic ratios; 

(d) dividing said difference by one of said ratios; and 

(e) adding said change to a previous change determined between a 
prior first and second sample. 

166. The method according to claim 165, and wherein said diflferrace is 
divided by said isotopic ratio of said first sample. 

167. The method according to claim 165, and wherein said difference is 
divided by said isotopic ratio of said second sample. 
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168. The method according to claim 165, and wherein said difference is 
divided by said isotopic ratio of said first sample when said ratio of said first 
sample is higher than said ratio of said second sample, and said difference is 
divided by said isotopic ratio of said second sample when said ratio of said 
second sample is higher than said ratio of said first sample. 

169. A mefliod of determining change in isotopic ratio in a plm-ality of at least 
a first, a second and a fliird gaseous sample collected at different points in time, 
wherein said change in isotopic ratio is determined by measuring the isotopic 

^ ratio of said second sample in relation to said first sample, and in relation to said 

third sample, each of said change in isotopic ratio being determined by the 

m 

^ method of claim 165. 

m 
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170. A method of using a gas analyzer for determining change in the isotopic 
ratio of gaseous samples relative to a predetermined isotopic ratio, wherein said 

gas analyzer is calibrated according to the method of claim 41 using the same 

O 

>p predetermined isotopic ratio. 

□ 

Q 

171. The method of claim 170, wherein said predetermined ratio is the isotopic 
ratio of carbon 13 to that of carbon 12, as found in flie naturally occurring 
mineral Pee Dee Belenmite limestone. 

172. The method of claim 170, herein said gaseous samples are collected 
breath samples, and said predetermined ratio is a ratio of breath components 
typical of a population to be measured. 

173. A method of det^miiung change in the isotopic ratio between a first and a 
second gaseous sample, comprising the steps of: 

(a) measuring said isotopic ratio of said first sample; 

(b) measuring an isotopic ratio of a reference sample; 
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(c) computing a first difference between said first two isotopic 

ratios; 

(d) measuring said isotopic ratio of said second sample; 

(e) remeasuring an isotopic ratio of said reference sample; 

(f) computing a second difference between said second two 

isotopic ratios; and 

(g) subtracting one of said first and said second differences fi^om 

the other. 

174 A method of determining change in the isotopic ratio between a first and a 
O ' 

second gaseous sample, comprising the steps of: 

Ir! 

^ (a) measuring said isotopic ratio of said first sanq)le; 

(b) measuring a first isotopic ratio of a reference sample; 
2 (c) computing a first difference between said isotopic ratio of said 

1. first sample and said first isotopic ratio of a reference sample; 

^ (d) nomializing said first difference relative to said first isotopic 

Q 

«p ratio of said reference sample; 

f*' ■ 

2 (e) measuring said isotopic ratio of said second sample; 

(i^ measuring a second isotopic ratio of said reference sample; 

(g) computing a second diffo'ence between said isotopic ratio of 
said second sample and said second isotopic ratio of said referrace sample; 

(h) normalizing said second difference relative to said second 
isotopic ratio of said reference sample; and 

(i) determining said change in said isotope ratio by subtracting one 
of said normalized differences from the other. 



175. The method according to claim 174 and wherein said samples are breath 
samples collected from a subject. 
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176. The method according to claim 175 and wherein said reference sample is 
a baseline sample. 

177. The method according to claim 175 and wherein said reference sample is 
obtained from a reservoir of said reference sample gas. 

178. In a breath test, a method of determining change of an isotopic ratio in a 
plurality of breath samples of a subject, comprising tfie steps of: 

(a) collecting a reference sample of breath; 

(b) detemiining the isotopic ratio of a jfirst one of said plurality of 
breath samples by comparison with that of said reference breath san^le; 

(c) determining the isotopic ratio of a second one of said plurality 
of breath samples by comparison with that of said reference breath sample; and 

(d) computing the change in said determined isotopic ratios 
between said first one and said second one of said plurality of breath samples. 

179. The method according to claim 178 and wherein said reference sample is 
a baseline sample collected before the efifects of any ingested identifying 
substrate are observed. 

180. The method of claim 178, wherein said steps of conq)aring said isotopic 
ratio of said plurality of breath samples with fliat of said reference breath sample 
is perfomied by measurement of said reference breafli sample in its own 
reference chamber. 

181. The metiiod of clahn 178, wherein said steps of comparing said isotopic 
ratio of said plurahty of breath samples with that of said reference breath sample 
is performed by introducing said reference breath sample into a sample 
measurement chamber alternately between separate ones of said plurality of 
breath samples. 
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182. The method of claim 178, wherein a separate portion of said reference 
sample is used for comparing said isotopic ratios of each of said plmality of 
breath samples. 

183. An apparatus for executing the method of claim 178, and comprising a 
reference chamber for containing said reference sample during measurement 

184. An apparatus for executing tiie method of claim 178, and comprising ports 
Q for introducing said reference breath sample into ia sample measurement chamber 

^ alternately between separate ones of said plurality of breath samples. 
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ABSTRACT 



Breath test methods and apparatus for increasing accuracy and reducing 
the time taken to achieve diagnostically useful results. In order to determine 
when an increase in isotopic ratio of the exhaled breatti is clinically significant, 
methods are described for the use of a variable and multiple threshold level; for 
reducing the time taken to determine an accurate baseline level; and for avoiding 
flie effects of oral activity when making measurements. To increase measurement 
accuracy, mediods are described, using the results of the breath tests themselves, 
of continuous and automatic self-calibration to correct for drifts in tiie gas 
■O spectrometer absorption curves. A metiiod for increasing the spectral stability of 

£ cold cathode discharge infia-red light sources for use in breath test 

5 instrumentation is described. Calibration checking devices and metiiods of 

2 mandating their use at regular time intervals are described, to ensure maintenance 
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of the accuracy of breath tests. 
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